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ABSTRACT

This report presents guidelines for the assessment and abatelent of asbestds-
containing materials in Wildihg4 bated on available information. Background

information is given on the history and,use of asbestos-containing products in

buildings, and regulations pertaining to their use. Included,are control -mea-

sures for buildings containing_ asbestos materiali, procedures for determining

condition of the materialsiand_abatetentteChniqUes for containment and

removal._ A summary is presented of recent guide specifications and standards_

developed byindustry; government agencies; and a standards_organization 4hiCh

are related to asbestos-containing materials in existing buildings: _These

documents include guidance for the control; assessment, dhd abatement of such

materials.

Key words: abatement of asbestos; asbestos; buildings; fireproofing;
insulation; regulations; structural Steel.
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EXECUTIVE SUMHARY

\ The Public Buildings Service(PBS) of the General Services AdMinistrigion (GSA)
asked that the National Bureau of Standards (NBS) develop state-of-t El-art_

guidelines for surveying buildings having asbestos - containing materials and for--

selecting and applying assessment and abatement options. The guidelines are
based on available,informatiowand include a review of the following:- (1) his-

tory and use of asbestos-containing materials in buildings; (2) examples_of _

building systems whichalai, affect airborne asbestos fiber levels;/(3)_related

regulations, standards, and guidelines;J4)_techniques to evaluate asbestos-

containing materials; and (5) abatem'ent techniques.

Asbestos has been widely used because it is a relatively inexpensive material,

with special chemical,_ physical, and mechanical properties which_make it very

desirable for many. building applications. The important. properties are mechan-

ical strength; fire resistance* flexibility4 and good friction and wear charac7

teristics. The use of asbestos fibers for fireproofing and insulating materials

for building applications -Vegan in England in the early 1930s and continued in

the United States through the early 1970s. The literature contains extensive
documentation addressing potential health effects associated with exposure to

airborne sbestos

In occupational areas where asbestos materials are_handled or machined directly,

the regulatory approach of the Federal Government has been to establish the

maximum allowable exposure of workers to asbestos fibers* above which protec-

tion is deemed necessary. In the United States; the first occupational expo -__.

sure level to asbestos was proposed In 1938 by the Public Health Service at 30

fibers per cubic centimeter (f/cc);11 This has been reduted over the years to

the current U.S. OccupatiOnal Safety and Health Administration (OSHA) regula-

tion_(29 CFR 1910.001) which stipulates a maximum exposure level of_2.0 ficc

for fibers greater than 5 Om in length measured on an 8-hour time weighted

average (TWA) basis and 10;0 ficc for 15 minute sampling times. Phase contrast

microscopy is the method gif measurement required by OSHA; OSHA regulations

generally apply in rcoutinel occ4bational asbestos exposure situations at a fixed

location. In 1976 the-National Institute of Occupational_Safety and Health

(NIOSH) proposed to OSHA a further reduction to 0.1 f/cc for fibers greater

than 5 pm in length measured_on_an 8-hovr TWA basis and 0.5 fcc'for 15 minute'

sampling_ times. However, this has not been-acted upon by OSHA. The applica-

bility of current OSHA fiber exposure limits to the general population where

lower asbestos fiber levns exist (such as occupants of- buildings where asbestos-

containing materials have been used for fireproofing. and insulation) is subject

to much debate._ This issue is not addressed in these guidelines. Regulations

of the U.S EnVironmental Protection Agency (EPA) cover asbestos emissions to

/

2/

Since NBS'has no medical expertise, there has been no attempt to evaluate

this documentation.

The measurement method for determining_ the fiber concentration and fiber

characteristics (e.g. diameter, length) used to establish this level is

unknown to the authors of this report.
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the outside environment and disposal of asbestos-containing material fr4 job

sites.
.. )

Various .e specifications have been developed by agencies of the Federal
A, ; Governme and-prIVatesector_organizations to assist architects, engineers,

and b
v
u ding owners inpreparing project specifications and contracts for

asb abatetent work. These"were'sed in preparing these guidelines.
. ,

u

Tedhniques for the evaluation of -the condition_of asbestos-nontaining maEerials
in buildings reported herein include! (1) regional surveys of groups of built-
ings;_(2) building inspentiOn procedures; (3) bulk and air sampling techniques;
and (4) available methods for -- evaluating the potential airborne asbestos_fiber
levet in buildings. The regional survey is needed when an_ organization has a
large inventory of buildings and it is necessary to detertine which buildin
have asbestos-containing material that may require abatement; This is folio ed

.by evaluation of buildings identified as containing_ such materials and includes
.discussion with building pecson 1i review f buildingplans and specifications,
review of- previous asbestos_rela ed_activitieso_and walk-through inspections'.
If deemed appropriate sampling ctivities can be conducted; including bulk k

sampling of material to determine its asbestos content- and -air monitoring to
determine airborne asbestos fiber levels._ The guidelihes discuss several pro-
posed methods for evaluating the_potential asbestos-exposure in buildings; '.
these methods are undergoing analysis and teSting.1!

The guidelines conclude with a discussion of available asbestos abatement _

techniques and information available-in the current_ literature on their selec-
tion. The_selection of an appropriate asbestos abatement solution is generally
based on the condition of the asbestos-containing material, its location; the
function and occupancy of the work area, and the cost._ The two approichesito
control exposure of asbestos may be either interim or long-term measures.- Long!"

term measures include containment (encapsulation and enclosurel and removal,
While interim measures consist of a management system for asbestos-containing
materials (educational programa, periodic inspections,- work_ procedures; dust
Control, etc.). These methods have various advIntages and:d4sadvantages which
must be_considered in the-Context of each building in selenting the most
appropriate approach.

NBS has-nnt evaluated these methods and does not endorse mr"disa00*
their application.

f

v



PREFACE AND ACKNOWLEDGMENTS

This research on the assessment_and abatement of_asbeatos-containing mAterie;

in buildings was conducted by the Structures Division and the Building M#teriale

Division of the Center flit Building Technology; National Engineering Laboratory,

National Bdread of Standards 6NBS). The work wassponsored_by the Public

Buildings Service (PBS) ofthe GeAral Services AdMinietr4ion.(GSA) because

of a concern aboat the presence of asbestosncontainingmaterials in buildings.

This documen52provides guideliaeS, based on currently available_information; for

surveying a4bestoi7dohtaining materials in buildings and for selecting and

applying assessment and abatement techniques.

Information used in the preparation of this report was collected from several

Sources: _(a) field inapeCtitifie of GSA buildings; (b) GSA personnel at the

central office and regional officee;lc) personnel of other Federal agencies;

(d) standards committees; and (e) an extensive literature survey:

Three documents were used extensively in the development of this report and

the organizationi responsible for the are given special acknOwledgment.

These documents and organizations are the "Management Procedure for Assessment

of Friable Asbestos Insulating Materials" developed_by the Naval Facilities

Engineering Command; and "Asbestos-ContainingMaterials in School Buildings:

A Guidance Documenti" Parts 1 and 2 prepared by the U.S Environmental

Protection Agency.
4

Special apprediation is extended_to Mr. David Dibner;Mt. Erma Steiner; and

James Parker of the PBS, Offide of Design and Construction; and to

Mr. Russell_Maisch Craig Shilder; and Mr. Wing Chan of PBS Office_of

Accident and Fire PreVentitift, for'technical support throughout_the_projedt;

Appreciation is also extended to Mr. Noel RaUfaste of NBS fdrhis'guidance and

interagency coordination. The assistance of the Word Processing Center of the

Center for Building Technology in the typing of this report is gratefully

acknowledged. '
3

vi

10



TABLE OF CONTENTS

4

, age
,.

ABSTRACT iii
EXECUTIVE SUMMARY . iv
PREFACE and ACKNOWLEDGMENTS vi

1. INTRODUCTION 4

1.1 HISTORY OF ASBESTOS USE IN BUILDINGS
1.2 CHARACTERISTIRS 'OF ASBESTOS FIBERS

1.2.1 Chrysotile Asbestos
1;2.2 Amphiboles

1.3 -MtppucT AND MATERIALS CONTAINING ASBESTOS 3

2

1.3.1 Friable-Materials and Woven Products 4

1.3;1;1 Friable InsulationMaterial. 5

1.3.1.2 Preformed Thermal Insulation Products 5

1.3.1.3 Textile ProduCts

1;3;2 Nonfriable Materials .

5

5

1.4 AIRBORNE ASBESTOS FIBERS IN BUILD GS 9

11;4.1 Methods of Fiber Dispersal 9

1.4.1.1 Natural Deterioration 9
1.4.14 Impact'

, 9

i13 -SecOndary Dispersal 11

1.4.2 Aerodynamics of Asbestos Fibers 11
1;4.3 Concentrations of Airborne Asbestos Fibers 12

2. EXA/1PLES OF4BUILI5ING SYSTEMS WHICH AFFECT' AIRBORNE ASBESTOS FIBER
LEVELS 15

2.1 SPRAY-APPLIED FRIABLE INSULATION 15
2.2 HEATING VENTILATING, AND AIR-CONDITIONING SYSTEMS (HVAC) 23

3. REGULATIONS,_ STANDARDS, AND dVIDELINES RELATED TO ASBESTOS-
CONTAINING MATERIALS IN BUILDINGS 28

3.1 BACKGROUND
3;2 GOVERNMENT REGULATIONS 28
3.3 GUIDE SPECIFICATIONS FOR ASBESTOS ASSESSMENT AND ABATEMENT 30

vii



4.

TABLE OF CONTENTS

3;3;1 Association of Wall and Ceiling Industries (AWCZ)
3.3.2 Public Building SerVice (GSA),
3.3.3 Civil Engineering Laboratory: (U.S. Navy)
3.3.4 NaVal Fadilitied Efigifteet:Ang Command (NAVFAC)

3;3;5 Office of Chief of Naval Operations (OPNAV)

Eire

30
31

31 :N%,'

32

32

3.4 AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) STANDARDS
DEVELOPMENT 32-'

3;4.1 ASTM Task Group 00.21.06E on Encapsulation of
BuiIdingMateriald 32

3.4.2 ASTM Standard 33

EVALUATION OF ASBESTOS-CONTAINING MATERIALS IN BUILDINGS 35

4.1 REGIONAL SURVEY , 35

4.2 BUILDING INSPECTION PROCEDURES 35

4;2;1 Discussion with Building Personnel 36

4.2.2 Review of Plans and_Specifications 36

4.2.3 Review of Previoud IhVititigationi and Abatement
Actions 36

4.2.4 Walk-Through InePection 36

4:3 SAMPLING TgCHNIQUES ..... 37

4;3.1 Field"Test for Asbestos 37

4.3.2 Bulk SampliAg 37

4:3.2.1 Selection-Of an Analytical Technique for Bulk
Samples

--

38 ,

4.3.2.2 Selection of a Laboratory 39

4.3.3 Air Monitoring
."--4,-..

40

4;3;1;1 Guidance on Sampling Methods_ 40

4.3.3.2 Measurement Methods for-Air Samples 4
4.3.3.3 Comparisdh Of Air Sampling Results with

- Federal Regulations -' 44

4;4 AVAILABLE METHODS FOR EVALUATING THE POTENTIAL ASBESTOS
EXPOSURE IN BUILDINGS 44

-ASBESTOS ABATEMENT TECHNIQUES "1

5.1 INTERIM tONTROL MEASURES

; 46

46

5.2 LONG-TERMLOONTROL MEASURES 47



4



TABLE OF CONTENTS

5.2.1 Containment'

Page

47

5.2.1.1 Encapsulation 48

5.2.1.2 Enclosure 49

5; Z.2 Removal 50

5.2.2.1 Dry Removal 50
5.2.2.2 Wet Removal -50

5;3 GUIDELINES FOR SELECTING APPROPRIATE ABATEMENT TECHNIQUES 51

6. REFERENCES 54

APPENDIX A SUMMARY OF EPA AND OSHA ASBESTOS REGULATIONS A-1

APPENDIX B REGIONAL OFFICES OF EPA AND OSHA B-I

ix



LIST OF TABLES

Page

Table 1.1 SiliceteMinerals and Their AbestiforM Varieties 2

Table 1.2 Friable Matetiela and woveo Products Containing Asbestos 4

Table 1.3 Nonfriable Matrix Bonded COmposite ProduCti Containing
Asbestos

if

_______ 7

Table 4.4 Aiibdine Atbeelde Content in Buildings Based on Varioui
Types of Activities '

14

Table 3.1 Historical Outline of Asbestos Standards Related to Worker

Exposure
28

Table 4;1 Summary of Asbestos Bulk Sample AnalYiii TeChniques 39

Table 5.1 Guidelines for Selecting Appropriate Abatement Techniques .... 52

14



LIST OF FIGURES

Figure 1.1

Figure 1.2

Mechanisms resulting.in airborne asbestos fibers in
buildings

Theoretical settling velocities of asbestos fibers .....

Page

10

13

Figure -2.1 Sketch of typical return air plenum configuration with
exposed fireproofing on structural steel and deck ' 16

Figure 2.2 Exposed fireproofing on ceiling of mechanical room 16

Figure 2.3 Typical composite floor system withrn return air plenum
with sprayed-on fireproofing 17

Figure 2.4 Damaged sprayed-on fireproofing on vertical steel bracing
members 17

Figure 2.5 Dislodged firgproofing lying on suspended ceiling tiles
Within return air plenum 18

:Figure 2.6 Horizontal structural member easily accessible to building
occupants with damage fireproofing 18

Figure 2.7 Structural bracing member with damaged fireproofing at
'floor level 19

Figure 2.8 Fireproofing damaged by addition of hangers during
modifications to plumbing and HVAC systems 19

Figure 2.9 Damage to fireproofing caused by floor penetrations for
plumbing system modifications 20

Figure 2.10 Damage to fireproofing on structural steel due to HVAC
system modifications 20

Figure 2.11 Damage to fireproofing on structural steel due to
electrical system modifications 21

Figure 2.12 Damage to fireproofing due to modifications of the vertical
partition system 21

Figure 2.13 Damage to fireproofing due to carelessness_ while:materiaIs
were being transported to other areas of the buildings 22

Figure 2.14 Typical HVAC system configuration of high-rise buildings 24

Figure 2.15 Typical air supply and return duct system in ceiling of
occupied space (with drop ceiling removed) 24

At



LIST OF FIGURES

Figure

Figure

2;16

2.17

Air filter bank in airintake roolla

Drywall ddiling_construction with hole cutfOr maintenance

work in the plenum $

-Rage

25

25

Figure 2.18 TYpical drop-in suspended ceiling construction
.i

27

Figure 2.19 Typical interlocking panel ceiling construction 27

Figure 4.1- Comparison of fiber;size range and techniques for particle

size measurement 43

xii

6

4'



/

1. INTRODUCTION

a

Many buildings in_the United_States_kave asbestos-containing materials in their
construction. Asbestos has been widely used because it is a relatively
inexpensive material with special properties which make it very des cable for
many building applications. In recent years, potential health eec from
asbestos inhalation have been_reported in_the literature [178]-1/, 2 Federal
regulations 'establish the makimum allowable exposure of workers to asbestos,
above which protection is (teemed neceSsary.

The Public Buildings Service (PBS) of the_Generhi Services-Administration (GSA)
asked that the National Bureau Of Standards CNBS),develop state-of-the-art
guidelines for surveying buildings having asbestos-containing materials and for
selecting and applying asbestos abatement options, The guidelines include the
following: (1) history and use of_asbeskos-containing materials in buildings;
(2) example's of building systems which may affect airborne asbestos fiber
levels; (3) related regulations, standards, and guidelines; (4) evaluation
techniques; and (5) abatement techniques,

1.1 HISTORY OF ASBESTOS USE IN BUILDINGS

Asbestos Miner hAve been Used for manAsposes because they.are relati(ely
inexpensive erials and their fibers have desirable characteristics_of
durability, flexibility, strength, and resistance to heat and wear [1]. _Asbes-
tos fibers have been used in thousands of applications including: materials
for roofing, flooring, fireproofing, friction products; reinforcing in cement,
pipes; sheetp; and coatings; and thermal; electrical; and acoustical insula-
tions. During the five years ending in 1975_the_amount of asbestos fiber used
in the United_States aVeraged,approximately 800,000 tons_annually [2]._ It has
been estimated that about 90 percent of the asbestos used has gbne into pro-
ducts or applicationsiwhich have effectively- immobilized the fibers by mixing
them with a strong binding material [3]. Fibers may be liberated from these
products by cutting or grinding during their fabrication or_use. The other
ten percent of the asbestos has been used'in,applications where the fibers
map be more easily released.

The major use of asbestos fibers in_buildings has been in spray- applied
insulation on structural members and walls and ceilings: This sprayed-on
material; in loosely bonded friable form; has been applied extensively to
structural steel members, such as beams and columns, for fire proteetion and
to walls and ceilings for thermal and acoustic insulationi_architectural
decoration, and control of condensation. This type of application offered the
advantages of rapidly covering large surfaces and irregular surfaces evenly
and efficiently without the use of mechanical support or extensive surface

t,
preparation.

lj References are listed in section 6.

2! Since the National Bureau of Standards has no medical expertise, there has
been no attempt to evaluate these references.

1



The spray_ application of asbestos fibers for fireproofineand insulatiOn_was
first used in England in the-early 1930s [3]. In the UnitedAtateb, early
spray applications were mainly in clubs and restaurants for decorative use and

acoustical insulations on ceilings: In 1950, some form of sprayed mineral
fiber fireproofing_ was used in more than half of the multistory bnildings'con-

structed'in the United States; Firepropfing alone-actounted for 40,000 tons

Of sprayed material in 19-68 [3].

Many substitutes for sprayed asbestos materiald are currently availa.61e. Most

of these spray materials contain fibrous, glass or nonasbestos mineral fibers'

along with cement, gyvout; or other- -binders similar to those used for asbestos.

These materials can be used for fireProoftng, therMal and acoustic insulation;
and decoration.

1.2 CHARACTERISTIC! OF ASitSTOS-FLBERS

Asbestos is a generic term applied -to a group of naturally occurring mineral

silicates that are separable into fibers (4]. During the early 1970s the

definition or asbestos was changed by court action because of the publid and

scientific attention o asbestos pollution. The definiAon accepted by the

Minnesota court which set a precedent_ during the trial of Reserve Mining
Company; stated; "asbestos is a generic_tert for a number of ,hydrated silicates

--thati_when crushed'or processed, separate into flexible fibers made up of

41PibrilS7 [5]. The redefinition of fiber as pertaining to atibebtO6 (U.S.

'District Court; District of Minnesotai_Fifth_Division, Fall, 1973) that was

adopted by most environmental and publid health scientists states thati 7a_

fiber_ is- a_ mineral which is at least three times as long as it is wide" -[5].

This definition of fiber eliminated the difficult task of testing the flexi-

bility and the presence of fibril composition_ofsubtidtotidOpit particles; and

retained onlythe shape of the particle as a decisive criterion [5].

a

The asbestos fibersused in buildings are from asbestiform varieties'of_ailidate

minerals. Table 1.1 lists some common silicate minerals and their asbestiform

varieties which are the source of Aribefit66 fibetb that are used commercially.

Silicate Minerals and Their [9]

Mineral Mineral Group Asbestiform Variety

AhthOphyllite

Tremolite-actinolite_

Riebeckite

--Sexpe_ntine

Amphibole

AMPhibole

Amphibole

Amphibole

Serpentine'

AnthophYllite asbestos

Cummingtonite-gunerite asbestos
(amosite)

Tremolite-actinblite asbestos

Crocidolite asbestos ,

Chrysotile asbestos



It is noted that only a very_small quantity of the amphibole and serpentine
minetalS occur as the asbestiform variety of the mineral [9]. The quality of

asbestos depends on the mine logy of the asbestiform variety, he degree Of

asbestiform development of the fibers, the ratio of asbestifo fibers to
acicular_crystals or other_impuritie6,-And the length and flexibility of the

fiberS_[9]. The Chatattetiatits of the asbestos vary with the different
asbestiform Vatieties;, qowever; the commercially used asbestos materials haVe

fibers that are incombustible; have high tensile strength, exhibit good thermal
and electrical insulating properties, and have moderate tit good.chemical

resistance [3]. .

1.2.1 Chrysotile Asbestos

Chrysotile asbestos; although finely fibrous; belongs to the class of silicates
with sheet crystal Structures. The shehts of the chrysotile minerals are
composed of alternating layers of silica tetrahedrons bound together by hydroxyl
groups and magnesium ions. The fibrous form of,chrysotile asbestos consists of
spirally wound tubes which result from thegrowthpattetft of the mineral sheet

structure. Chrysotile fiberS. are very Stall in diameter, tubular; Sad very

soft and flexible: The average diameter:of individual fibrils is less than

0.'1 micrometers ( [9]. Mineralogical identification and measurement of

chrysotile fiber requires a high level of skill and experience.

1.2.2 Amphiboles

Amphiboles have a fibrous nature derived from-a chain-like silicate crystal
structure. The fibers are larger in- diameter than chrysotile fibers; and are
straight and solid in nature, and h41rd and springy; The-average amphibole
asbestos fibril diameter is less than 0.5 pom [9]. Identification...AndteASUre-
ment-of chrysotile asbestos minerals -are generally_ more easily tadiparticu-
latly from air samples; than those of amphibole asbesto6 because of the
Sttd-ctiltal and chemical d'i'fferences within the amphibole group. Identification
and measurement of amphibole asbestos can be difficult because of the Lit&
range of chemical composition and morphology.

1.3 PRODUCTS AND MATERIALS'CONTAININGRESTOS

The level of fiber release from asbestos-containing materials:depends; in__ _

general; on the_charatteristics of the material containing the asbestos fibers;
In'some materials such AS cement - asbestos and vinyl floor tiles; the asbestos
fibers. are firmly bilood or encased: The release of fibers in_these materials
is generally not considered a problem. Howeveri_cuttingi_sandingi.or grinding,
of materials containing firmly' bound or encased fibers will cause some fiber
release [5]. Asbesto6 iberS may be more readily released from soft; loosely
bound, or friable materi s-such as sprayed fireproofihg and insulating_
materials. ,

Asbestos-containing constructio -materials have been diVided into two major
-categories: friable materials an woven ptoducts; and nonfriable matrix-bonded
composite proddOrs 15]



1.3.1 Friable Materials and Woven Products

Friable materials have been dedcribed by the U.S. Environmental ProteCtion

Agency [EPA] as those which can be "crumbled, pulverized, or reduced to powder

in the hand" resulting in the release of fibers with minimal applied force or

mechanical disturbanA_[4]. Among woven psoducts, asbestos fibers and other

organic and inorganic fibers are used in rgvings, yarns, and cords. these

.4 fibers are alao woven, braided, or knitted into textile products. Binding

agents'are usually not used in these textile products.

The moot common* used friable materials and woven products containing asbestoS

are listed in table 1.2. They include insulating material, preformed thermal

insulation products, and textile products.

Table I:2 Friable.Materials and Woven ProdUctS Containing Aabestosii

Subdivision Generic Name
_Asbestos_
X by weight

.ik

Dates of Use Binder/Sizing

Friable
Insulating
Material

.

Preformed
Thermal
Insulating
Proaucts

Textiles.a/

i.

spray - applied

insulation

batts, blocks;_
& pipe covering
-,

',:85% magnesia

calcium silicate

cloth
blankets
felts
bl06 stripe

_

red Stripe
green stripe--

sheet
cord /rope /y -

tubing
tape/st p

curt ns
,-(theater,

.- welding)

1-95

.

15

6-15

_ 100

90-95
80
90_

1935-1970

.

1926-1949

1949-1971

:

1910-present
1920-present
1920-present
1920=present

1920 - present

1920-present
1920-present
1920-present

1945-present

sodium silicate;
portland cement,
organic biudera

.

.

magnesium
carbonate
calcium
silicate

none
cotton/wool
cotton
cotton
cotton
cotton/wool '

cotton /wool

cotton/Wool
cotton/wooI

cotton

95------4-920-present
95-50
80-100
80-85
-90

_ .

6C-65

11 Table was taken from referefiCe [5].

2/ The Navy prohibits use of these products when acceptable nonasbestos-

containing substitutes have.been identified.
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1.3.1.1 _Friable-Inaulation Material

Spray-applied_or_troweiled-on friable insulation material has traditionally _

been used in building construction for_thermal insulation, condensation control,
acoustical control, and fireproofing of steel. This type of asbestos-containing

_;..-insulation was first used by the construction industry in the United States in
tne mid-71930s. Friable insulating materials containing asbestos -were used
generally on the surfaces_of.metaI, wori, concrete, brick, and plaster.1_Spray
application methods were deViSed to_reduce the cost and time for installing
continuous sheets of material, OdttiCiilarly on irregular'-surfaces. The major
use of sprayed mineral fiber in buildings 16 for fireprobfing. _Generally, fri-
able insulating material fused in buildings was a blend of 5 to 95_percent
asbestosfibeea combined with other materials such as mineral wool fiberS,
'vermitdiite, sand; bentonite clay binders, or. cellulose fibers and other filler
materials.

/
Prefarthed Thermal Insulation Produrrs

Preformed thermal insulation products include batty and blocks for biters and
preformed pipe col*erings. from 1926 to 1949 thrygotild_asbestos fibers -were
generally used forpreformed therlai pipe insulation. This type of ifisulatioh
contained about 15 percent asbestos_and 85 percent magnesium carbonate. Fint
1949 to 1971 this material contained AbOut 6 to 15 percent asbestos fibers with
the remainder calcium silicate [5];

1.3.1.3 Textile Products
A

Asbestos textile products are durable and have other_desirable properties such
as electrical insulation, thermal resistance, and,Atid resistance. For many
years the commonly used_asbestos_textile products.were cloth, cord, rope, yarn,
tubing, tape,_Strip,= Belts,, and blankets. The chrysotile asbestos content of
these products may vary from 80 to 100 pertent.: Other fibers normally blended
in the products include wool, cotton,,trotidoliteor amosite asbestos fibers.
Asbestos yarns produced_by spinning are used as the basic component in the
manufacture of rope, tubing, tape and strips. Asbestos corder been defined
as a multi-ply yarn used for electrical eleMeht insulation and tying cord for
asbestos cloth (5].

Asbestos tape, Str/p, and tubing have been used for insulating electri-cal
conductors and for wrapping high temperature pipe joints. Moth made from
asbestos ranges in weight from a few ounces to several poundeg_per,s4uare yard
and is woven in_a wide variety of styles, te-ures, grades- and thicknesses.
Important uses for asbestos cloth have been overing for pipe insulation,
electrical insulation; and theater curtains

1;3;2 Nonfriable Materials'

Nonfriable materials have been described [5] as matrix-bonded composite
product6 prepared by mixing fibers with various bonding agents such as s rch;
glue, plagtics, cements, and asphalt. The degree of bond of asbestos fibe s
within the composite material or the fiber's immobilization covers a wide

5



range; Release of bonded:fibers Varie6 according to_use, environmental
conditions; and phySitsl,damage to which the products are subjected.

Nonfriable matrix-bonded products for buildings have been divided into the

following categories: cementitioUS products, paper products; roofing felts;

asbestos compounds; aibegtod ebony, flooring tiles and sheet products; wall-

coverings, and paints and coatings (5]. The most commonly used_nonfriable
bonded composite products containing asbestos are listed in 'table 1.3;

Asbestos cementitiousyroduCts are composed primarily of portland cement _

reinforced with chrysotile asbestos fibers. The cement content may vary from

abbut10 to 75 percent by weight depending on the required properties Of the 7--

material; Cement-asbestos pipe is_generally made using chryStitile and crocido-

lite asbestos fibers in the_ratio by- weight of 3 to 1..respectively. The strong

asbestos fibers serve to reinforce the cementitious material. Asbestos-cement
.

_
products are used for many building purposes_including_siding shingles, flat

sheets; pipe; roofing shingles; corrugated Sheets; facings for acoustical mate-

rial; table tops; electrical conduit6; and laminated panels: In many cases,

asbestos7cement partitions and ceiling panels are accessible to the interior

work environment, and thus; subject to damage.

Cla0boardi.a thin sheet of asbestos-Cement material; has been used extensively

under siding on wood fritile bdildiugs;__Clapboard was produced in 1944 and,1945.

Asbestos7ceMent Siding shingles have been extensively produced_andnsed on .Ttitid

frame buildings for many years. Asbestos7cement roofing shingles are available

but have not had exten use A great _deal ofasbestos-cement_pipehas been

used for water mains; ewage and industrial liquid -waste disposal lines;

conduits; vent pipes, f es, and chimneys for heaters.

The large variety of paper products_made_fromchrysotile asbestos fibers

includes cortugated; indented; reinfOrded,_andmillboard products; Asbestos

paper has good heat_risistance, is chemically inert; and has good electrical

anditheaull insulating propertiesi The paper products have been -made for

aboUt 50 years or more and generally contain175'to_99 percent aibestos; Sodium

silicate is the primary binder for corrugated and indented papers; while for

millboard, asbestos fibere are bound with starch; lime; and clay.

Asbestos` roofing felts_impreebted with_asphZ)t are_used_to fabricate membranes

for waterproofing and weatherproofing the roofs of buildings; Roofing felts_or

sheets may_also be both impregnated with an asphalt and coated with an asphal-.'

tic compoSitinh; The asbestos fiber content of_the felt is 85 percent or.

greater; Asbestos saturated felts are also used to coverhot steam lines on

the outside of buildings.

Asbestos-containing compoUn86 /or exterior and interior construction uses may
contain either organic or inorganic binders. Examples of- products containing

organic binders such as lingeed oil and asphalt are caulks; sealants; cold

applied adhesives; joint compounds, roofing asphalt; mastics; and asphalt tile

cement. Inorganic binders are used in plaster; stucco; and grout.



Table 1.3 Nonfriablc Wrix Bonded. Composite productsContaining
Asbestoal!,1

'..- ,

-

Subdivision

_

Generic Name\
Asbestos
(%_by
wed4W

Dates of Use Binder/Sizing

.

Cementitious
Products

extrusions
panels: .

8 1965-1977 portland ceMent

corrugated 20 -45 1930-present portland cement
flat 40-50 1930 - present portland cement
flexible_ 30-50. 1930-present portland cement

,
iflexrble _

perforated
30-50 1930-present ortiand cement'

laminated 35-50 1930-present portland cement
(outer

, surface)

.

rooiLtiles_
clapboard &
shingles ',.

30-i0 ' 1930-present poitland cement

clapboard 12-25 . 1944-1945' portland cement
siding_ 12-14 unknown- portland cement
shingles S present
roofing \,'

shingles
32-20 unknown-

present
portland cement

PiPP 20-15 1935-present portland cement
,...

Paper corrugated:
Products high

temperature
moderate

90

70-35

1935 - present _i
.

1910-present

sodium silicate_
4%,

starch(
. temperature

.

indented 98 1935-present
-

cotton and
organic binder

Millboard 85-85 1925-present starch; limei
Clay

Roofing smoothsurface 10-15 1910-present
.

asphalt
Felts Mineral surface 10-15 1910-present7 asphalt_

shingles ' 1 1971-1974 i asphalt

f

pipeline 10
.

1920-present asphalt

Table was taken from reference [5].

2/ The. Navy prohibits use of'these products when
containing subatitutes have been identified.
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Table 1.3 (continued)

Subdivision Generic Na-
Asbestos
(Z by
weight).

Dates of Use

4

Binder/Sizing

Asbestos-
Containing
Compounds

A

,

Asbestos
Ebony .

Products

Flooring
Tile and .

Sheet Goods

.. ;.-,.

Wallcovering_
.

. _

Paints and
Coatings

caulking putties
adhesive (cold
applied)

joint Compound
roofing asphalt

mastics
asphalt tile
cement

roof putty-
.

plaster/stucco

spackles

sealants
fire/water
cement,
insulation

cement,
finishing.

cement, magnesia

4

.

.

.

vinyl/asbestos
' tile
asphalt/asbestos
tile , -,

sheet goods/
resilient sheet

vinyl wallpaper

.

.

roof coating-,
air tight

: 30
5-25

5.

5-25
13-25

10-25

.2=10

No3-5

50-55

20-100

55

15

50

21
,

26-33

-,

30

6-=.8

A

4-7
15

1930-present
1945-present

1945-1975
unknown-

present
-_1920-present
-11959-pre9ent

.

unknown-.
present

unknown-
present

'1230-1975

1935-present

1900-1973

1920-1973

1926-1950
db

1930-present

/
,

relent.

'1"1371:1-

1920-present

191b-present

unknown-
present

1900-present
1940-present
...

linseed oil
asphalt

asphalt
asphalt

. .

asphalt
asphalt

,

asphalt

portlend cement

staich, casein,
synthetic
resins .

caster oil or
polyieobutyl ne
clay

clay

tOagneeiUM
carbonate

portland cement .

.

poly(vinyl)-
chloride

,

asphalt -.

dry oils

-_ -- .

asphalt
asphalt.-

8
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Asbestos ebany_Troducts are used in the construction_ industry in electrical
panels and Circuitry. These_products_contain about 50 percent asbestoS fiber8
and_portland cement as abinder._ With regard to other building products;
asphalt flddr tilejsontains about 25 -35 percent asbestos fibers eta asbestos
vinyl tile cottainstabout 20 percent asbestos fibers. The- backings of some

sheet goods and resilient sheets"contain asbestos. Some of the better quality!
wallcoverings may contain_about 7 percent asbestos fibers.ASphalticexterior
paints may contain about 9 pergent:asbestos fibers. Some coatingsused for
Sealing cracks and joints may ,retain about 15 percent asbestos) fibers.

1.4 AIRBORNE ASBESTOS FIBERS IN BUILDINGS

Methods
_

1;4;1 Methddd Of Fiber Dispersal , -;

::.)/
The concentration_level of airborne asbestos fibers present at any given time
in a building is dependent on_three generating mechanisms shown graphigaIly in
figure 1;1; Theggliare natural deterioration; impact; and-sfegondary dispersal.

Three. groups of people within the_building may be subject to airborne aSbeettiS
fi_ rs: (1) building occupants;_(2)_ maintenance and operation (1110) personnel;
an (3) contractor personnel. All three groups racy be subject to asbestos
ex osure due to natural deterioration of asbestos-containing materials result7

ing inthe,release of fibers into occupied spaces. In addition, fibers can be
distributed by the_air distributionskstem. This may occur when asbestos
fibers are_releasedinto the ceiling akr-return plenum due CO natural deterio-
ration or impact of asbestos-containing materials during NIO activities in the
plenum; Exposure may also occur from secondary dispersal of fibers that have
already fallen ontojiierior surfaces. M/0 personnel_and contractor personnel
may be exposed_to airborne asbestos when'theiroperations disturb the sprayed-on
dabeattia7Contaititg fireproofing and insulation materials. .

/
___.$ ,

4 1.4;1.1 Natural Deterioration
:-/---

Fallout_of asbestos fibers may_occur by a slow, continuous degradatiot of'the
insulating surface and may be accelerated by air movement and vibration_ which
occurs in most buildings. This happens without actual physichl_diaruptiat'nf
the:asbestos fiber containing_material_and depends on the bond between the
adhdaiVe and fibers. Fiber dispersal in fallout may occur at a continuous
rate over a long period of ti. -'="1%Jactors which affect variations inig-pfall-

o
iil

. o t rate include: vibration o; the sCruct4re; changes in- humidity; air move-7
me_t'from heating, cooling, 4,1_ventilating_equipment; and air turbulence and
Vibriitidt caused by human activity. The fallout rate may increase due to
aging and degradation of the adhesive component of the insulating or other ,

material:. There may be little or no release of fibers_from_cementitiourimixes
in good_conditioni whereas higher rates may. occur for deteriorated friable
materials.

1.4.1.2 Impact_

The level of asbeStos fiber release resulti g from contact and impact depends
upon the accessibility of the fiber-contain ng material and'the-likelihood of

25



EROSION

;4> AIR PLENUM .
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_

FREQUENCY FIRER'RELEASE RATE
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AIR MOVEMENT.
NIBRATIONi_
DETERIORATION

EallITANT LOW

IMPACT MAINTENANCE*
ACCIDENTAL
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....-
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SERVICE

FREQUENT LOW -TO:,HiGH

Figure 1.1 Mechanis resulting in airborne asbestos fibers in
buildin

Figure taken from reference [5].
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contact. The function of the building and the activities of the occupants may
affect the release of asbestos fibers_into the_environment. Friahle_sprayed
aabestos surfaces are easily damaged because of their low impact resistance.
For these surfaces, even minor physical contact may release fibers. These

ases are generally localized and of short duration.

The_dispersal of asbestos fibers by contact produces the highest release rates.
It has been rep9rted.that the.jevel of airborne fiber concentration during
routine .maintenince andrepair'aCtivities has, in some cases, exceeded 20 fibers
per cubic centimeter (f/cc), and:the removal_of dry sprayed asbestos material
has in reportd4casis resulted7in:airborne fiber concentration levels of over
H100 f/Cd_[3]1!. These levels areconsiderably higher than those allowed under.
current federal regulations (see section 3.2). .

1.441.3 Secondary Dispersal

Reentrainment of fiberawhich have already settled on surfaces (e.g. above
ceiling tiles; on flnota and furniture) can occur after initial release by
natural deterioration4impact_131. In addition, particles released from the
insulation_are suhjectto.possible fragmentation and subsequent reentrainment
due to actiyity. intha',area.' Secondary dispersal is a function of the activity
1pvel of a 'building it-ea and may involVe repeated cycles of resuspenaion and
settling.

Fiber counts as high as 5f /cc haveleen reported from activity within a
building such'as custodial work [3]! 1. In cases where settled fibers are pre
sent; custodial activitieamay result in increased levels of airborne fibers.
In a library with a deteriorating sprayed asbestos ceiling, continuous dusting
of extensive areas of shelving raised the average fiber-level for the custodians
to 4 f/cc, and to 0.3 ffcc for nearby library users [3]-.1.1.

1.4.2 Aerodynamics of Asbestos Fibers

Dispersed'asbestos fibers generally have a length ranging from less than 0.1
pm to some tens of micrometers. Asbestos fibers released into the air will
settle downward at a rate depending on their mass, form; axis attitude, and
air movement. Fiber characteristics_strongly_affect settling_` and
total time of suspension. The settling velocity depends mainly upon,the fiber
diameter and to a lesser extent upon fiber length. Settling time is also
affected by the fiber alignmenti_fiber axis vertical or horizontal, and its
aspect ratio (length divided by diameter).

Fibers 1 to 5pat in length And an aspect ratio of about 5:1 are'common in
material dispersed from overhead insulation in buildings [3]. The theoretical
settling velocities -for fibers_5,_2, and_1 um long having an aspect ratio
of 5:1 and.with their skis-attitude varying between vertical and.horizontal,
would be 2 x 10-2; 4 x 10-3; and 1 x 10-3 cm/s; respectively [3]. The

1! The measurement techniques for deterMining the fiber concentration and
fiber characteristics (e.g., diameter, length) were not reported;

11



theoretical times needed for these fibere to Settle from a 9 ft high ceiling
tothefloot would be 4, 20; and 80 hears in stilt air; respectively [3]._;
Turbulence will increase the settling time and also cause reentrainment ofC_.
fallen fibers. Figure 1.2 shows the theiiretidel settling_ velocities in still
air for fibers of varying size, alignment, and aspect ratio.

While fibers are airborne they are able to move_laterally with air currents_
into areas distant from the point of release. Signifidantlevelsofcontamina-
tion_have been documented hundtedd of meters from the point of release of asbes-
tde_fiberS[3]-. Also, fibers may be` transported across contamination barrier
systems with the passage of workers during the removal of asbestos-containing

materials.

1.4.3 Concentrations of AlrbormeAd4WOM040Filsert

EPA has reported that airborne_asbestos_fiber levels within building0 with
deteriorating asbestos-containing material_ may be Significantly greater than
outdoor ambient_air level [3]. Determinations of fiber levels during periods
of quiet activity conditions; such as atinight-when the building is_not occur

pied, may be misleading [3]. Routine activities -in building containing sprayed
asbestos surfaces may result in higher airborne fiber levels: EPA reports that

normal activities in school buildings With accessible sprayed asbestos surfaces

may- =exult in indoor airborne asbestos concentrations in the 10 to 50.ficc_range

[3]1!. As mentioned previously; custodial -work could result in the disturbance

and reentrainment of theaccumulations,of fibers which were released from

sprayed surfaces by natural deterioration and contact. Airborne fiber levels
from reentrainment mily_be_bigher due to custodial work; depending on cleaning

methodd and location of, .the work relative to the occupants. Such activities__

result in reported airborrie.esbestos fiber levels that exceed regulatory_liMits
established by the U.S.OccUpational.Safityiitd Health Administration (OSHA)

given in table0.1. Tible 1.4 gives estimates of airborne. asbestos content in
buildings based on various typee of activities 151. .

1/ The measurement technique for determining the fiber concentration and fiber
characteristics (e.g., diameter, length) were not reported:
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.
Figure 1.2 Theoretical settling.velocities of asbestos fiberS1/

11 Figure taken from reference [5].
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Table 1.4 Airborne Asbestos Content in48,41dings Based on
l!Various Types of Activities,.i!

Activity
Classification

Main Mode of
Contamination

Activity
DesEtiption

3/Mean_Count_
(f /cc)

Quiet fallout none 0.0
1---

,

Nonspecific
routine

reentrainment Office 0.4

Maintenance impact relamping 1.4

plumbing 1.2
_

cable movement 0;9

-/'

Custodial mixed: impact cleaning 15.5

reentrainment dry sweeping 1.6

-dry dusting 4.0

bystander 0.3

heavy dusting 2.8

Renovation mixed: impact ceiling repair 17.7___

reentrainment tract light' ,,,, )Fliii

, hanging light -fr 1.1

partition_ 3.1

pipe lagging 4;1

Vandalism impact ceiling damage 12.8

Removal, dry impact stripping 40

Removal, wet
amended

impact stripping 2.8

If Table was taken from reference-[5].

21 See section 3.2 and appendix A_foT current Federal regulations for
exposure to airborne asbestos fibers.

JI Thameasurementltechniques_for determining the fiber concentration
and fiber characteristics (e.g., diameT, length) were not reported.
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2. .EXAMPLES OF BUILDING SYSTEMS WHICH AFFECT AIRBORNE ASBESTOS FIBER LEVELS

2.1 SPRAYAPPLIED FRIABLEINSULATION-

The predominant use of asbelgtbscontaintng material in_ buildings_ has been the
spraying of insulat,ion on structural members and on walls and ceilings. This
friable sprayed=bn material has been applied extensively to structural steel
members such as beams and columns for fire Protection_and_to walls_and ceilings
for the purpose of providing-thermal and acoustic instilation; architectural
decoration, and control of condensation.

Structural steel used in buildings suffers a reduction of mechanical properties,
such as strength, stiffness and ductility; when.exposedto elevated tempera
tures. Because Of this loss of mechanical properties, -it must be protected
from fire exposure by covering with fireproofing materials. Sprayapplied
fireproofing containing asbestos was used widely until the early 1970s because
it was inexpensive; quick to instial, involved only one building frades and
was easily integrated with the overall_ construction process:

Sprayed applications of asbestoscontaining materials have been used extensively
for fireproofing of exposed structural steel members and the underside of metal
decking in composite concrete/steel floor systems (figure 2.1). The b9itom of
the floor system can be either exposed (figure 2.2) or enclosed with a dropped
ceiling structure to form a plenum (figures 3.1 and 2.3). Vertical steel
members (columns, bracing, etc.) are also often coated with fireproofing
(figure 2.4).

As discussed previously, fireproofing on structural- steel- members and:other_
spray applied friable insulation_may be subject to natural deterioration and
physical- damage. While_it:ii Aifficult to observe mseural deterioration,
the result of physical damage is generally quite obvioUsi This damage, can be

caused by:

. maintenance and.operations work within the cei ing plenum which may
cause fireproofing to be dislodged and fall ont -the suspended
ceiling (figure -

B. location of asbestoscontaining material on vertical surfaces at floor
level or on low horizontal surfaces which can be contacted by building
occupants (figures 2:4, 26 and 2.7).

C. modifications made to the building since construction including:
(1) addition of 'a fire sprinkler system; (2) modifications to the
heating, ventilating, and air_conditioning (HVAC);_electrical, and
plumbing- systems; (figures 2.8;_29-; 2.10, and 2.11); and,(3) changes
to the office partition system (figure 2.12); and

contractor carelessness when -doing work in the vicinity of asbestos
containing material (figure 2.13).
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F1MSHEO FLOOR _

SUSPENDED

gure'2.1 Sketch Of typical return air plenum_configuration with exposed
fireproofing on structural steel and deck

U141141,...

Figure 2.2 Exposed fireproofing on ceilin of mechanical room
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Figure 2.3 Typical composite floor syskeMWithin-returt,air. -
plenum with sprayed-on fireproofing

4,

Figure 2.4 Damaged sprayed-on fireproofing on vertical steel bracing
members
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C Figure 2;5 DisloAied.fireproofing lying on suspended ceiling tiles
within return air plenum

""' : .1111t.

V _

A 'Ad

-

Figure 2.6
.
Hdritontal structural member` easily accessible to

.
building occupants with datAged fireproofing

.

... -
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Figure 2.7 Structural bracing member with damaged fireproofing
at floor level

Tigure 2.8 Fireproofing &Staged by addiqpn of hangers during modifications
to plumbing :and HVAC systems

19

35



Figure 2.9 Damige to fireproofing_caused by floor penetrations

for plumbing system modifications

figUre 2.10 Detege to fireproofing on
HVAC system modifications

20
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MO.

due to

4 _ ry

Figure 2.12 Damage to fireproofing due to modifications of the vertical
partition system
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Figure 2.13 Damage to fireproofing due to tirelessness while

materials were being transpOrted to other areas
of the buildings
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EleVatbir motorsi fansi_and pumps_are quite often located on-floors or roofs
supported by structural steel and steel deck protected with fireproofing.
Vibrations caused by such equipment can dislodge fireproofing Material or
other spray-applied insulation and increase the potential for asbestos fiber
dispersal.

2.2 HEAT .11A. NG SYSTEMS (HVAC)

The HVAC_eystem has the potential for circulating asbestos fibers throughout
the building if fibers are released from asbestcid=dentaining.materials_M.
This is particularly true for buildings Where the HVAC system can be "-"'G
characterized as shown on figure 2;14 and discussed below;

Large modern buildings have equipment rooms which take -in fresh air and
distribute conditioned air to different flootS; Depending on the horizontal
dimensions of the bUilding; the:equipment room and air supply system puay be
di-Vided into several vertical zones which service different sections the
building; Typically, a high rise building will have- one equipment room at
approxipately mid-height and another at the topmost leVel of the building.
Large fans in the equipment room force the preconditioned air into ducts which
contain acoustical_ insulation._ The -ducts lead to vertical risers which carry
the air to the various floors for distribution:by the local supp y ducts

kiy(figure 2i15). On each floor the exhaust air is either ducted Ai ectly to a
large vertical riser; or; more likely; the air is exhauste&direkt into the
ceiling plenum_between the suspended ceiling and the floor above (figures 2;1
and 2;15); This. lenue May contain plumbing; electrical,_ mechanical, and
utility equipment; More importantly; as was previously discussed, the under=-
Side of the floor may be coated with sprayed fireproofing which may.-:contiin )

asbestos to provide a fire rating to the structural steel and steel floor deck,
assembly. The return air exhausted into the plenum contacts the fireproofing
with the potential for dislodging fibers and circulating them throughout the
building (see figure 2;1);

At several locations within the ceiling plenum; metal ducts conduct the- return
air into vertical risers; The air is then returned through the vertical risers
to the return air chamber where it exhausts into a spill chamber; The vertical
risers may contain structural members with fireproofing or thermal insulation
with the potential that fibers may be dislodged_ and circulated throughout the
building by the HVAC system; Depending on the temperature of the Outside air
and the building returmair; the return may be entirely exhausted to the out-,

Side, or may be recirculated to ane:e_degree. .Dampers control the degree of air
recirculation and the amount of freshalt. heed. The air to be recirculated
passes through recirculation dampers and mixes with fresh air Whith hat; been
drawn through_intake_dampets; The intake air is sometimes prefiltered with
coarse fiberglass filters. _The_mixed air is then drawn through the filter:bank;

,which consists of multi-pocketed bags made of fibMtglaSS or other fibrous
material (figures 2.14 and 2.16).

The accessibility of the unducted air return plenum to- building occupbtts may
affect the dispersa/ oflashestos fibers. Suth accessibility often depends on
the type of suspended ceiling construction; This can range from eityvaii
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,construCtiOn (.4gute 2.17) which makes the ceiling inaccessible on a tontine

-badid to lay -in panels which :Can be easily'relmoved (figure 2;18); Between

these two extremes,there are various types of/3418pended panel systems with

mechanical ttinterloCks which restrict unwante.access (figure 2.19).':ESsy=-to-

remoVe ceiling panels allow1410_personnel and occupants easy access to an area

WhiCh may have dislodged fireproofing. However.WQ:Personnel have more fre-

quent access to the ceiling plenum due to their Job functions than building

occupants.
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FigUte 2.18 Typical drop-in suspended ceiling construction

t

Figure 2.19 Typical interlocking panel ceiling coestruction
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3. REGULATIONS; STANDARDS, AND GUIDELINES RELATED TO ASBESTOS-CONTAINING
MATERILS IN BUILDINGS

3.1 BACKGROUND [5]

The regulatory approach of the Federal Government has been to establish by
law the maximum allowable exposure of workers to asbestosi above which protec-
tion is deemed necessary. _Standards have_been based on_the-number ofrespir7_
able asbestos fibers (which.are greater:than a minimum length) suspended in the
air. See section 4.3 for a discussion of the measurement methods for analyzing;
(I)-bulk samples for asbestos content by weight; and (2) air samples for air-
borne asbestos fiber levels. A diacussion of the hiatorical development of
regulations related.to airborne asbestos fiber levels follows.

3.2 GOVERNMENT REGULATIONS [5]

Table 3.1 presents a historical outline of the reduction of worker exposure to
asbestos which has occurred in the United States. The more recent Federal
regulations pertaining to sprayed asbestos materials have been issued by EPA
and OSHA. In general; OSHA regulations cover occupational asbestos exposure
situations at a fixed location. _EPA regulations cover emissions to the outside
environment and the removal and disposal of material from job sites.

Table 3.1 Historical Outline -of Asbestos Standards
Related to Worker Exposure1!

Year Agency Basis of
Standard

Asbestos
Exposure
Level
(f/cc)r

1938 U.S. Public Health Service proposed_/ 30

1969 Walsh-Healy Public Contract Act informed/ 12

1971 OSHA ' informed 12

1972 OSHA informed - 5.0

1976 OSHA informed 2.0

1977- NIOSH proposed 5.1

1978 (to OSHA)

1J Table based on information from reference [5].

2/ "Proposed" means not incorporated into Federal ragulatia s.

2! "Informed" mans incorporated into Federal regulations.
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Asbestos industry regulations were first introduced in the United Kingdom in
1931._ These regulations required the adoption of certain precautions aimed
reducing the exposure of workers to asbestos duet 110]. In 1938, Oe U.S.
Public Health Service proposed a maximum_ exposure level of 30 f/CC1!. As
environmental issues took on additional importance, the 1970 Occupational
Safety and Health Act was Passed which emphasised th need for standards to
protectthe health of workers_ exposed to potential hizards at their place of
work. A standard for occupational exposure to asbestos was included in_an_OSEJ
standard puigished in 1971. The standard, based on a 1969 Federal Standard
issued under the Walsh-rRealey Public Contracts Act, also included an asbestos
exposure limit of 12 f/cc (of fiber length greater than 5 paW.

This was followed by an OSHA Standard for Exposure to Asbestos Dust published
in the Federal Register; Vol. 37, No. 110,_on June 7, 1972 (29 CFR 1910.93a).
This standard was recodified to 29 CFR 1910.1001 in the deral Register dated
may 28, 1975. This regulation applies to_workers_handling _r exposed to
asbestos-fibers or material containing asbestos fibers. The -regulationa_stipu-
Iated Oaximum exposure of 5 f /cc for fibers greater than 5 in length over
an 8-hour peiriid on a time weighted average (TWA) basis. A 1 vel of 10 f/-6c
for a 15-Minute sampling period was the maximum allowed any-ti -excursion
This standard for occupational exposure also defines methods o compliance with
regulations, personal protective equipment including clothing and respiratory
protection, methods of measurement of airborne asbestos fibers, signs and label
warning -of asbestos hazard, housekeeiing methods for fiber control and waste
disposal, recordkeeping for monitoring and exposures, andmedical examination's.

The original requirement for maximum exposure given in OSHA regulation 29 CFR
1910.1001 was reduced on July_1; 1976 to 2 f/cc for fibers greatei than 5 pa
in length deterMined over an 8-hour period_on_a_time weighted average (TWA)
basis. Maximum levels fol 15- minute Rgmpling'times remained at 10 f /cc. Phase
contrast microscopy was identified as he method of measurement; (See section
4.3.3.2 for discussion of phase contrast microscopy.) Appendix A contains a
summary of these regulations.

There has been considerable discussion concerning the adequacy of the 2
occupational standard -[8]. In December 1976, the National Institute of Oc -a-

tional Safety and Health (NIOSHY-prOposed_to_OSHA a further lowering of airborne
asbestos fibers over 5 pa in length to 0.1 f/cc TWA with 0.5 f/cc as the maximum
permissible any-time excursion. Phase contrast Microscopy_was s retained as the
method of measurement. This NIOSH proposal has not been adopted as a Federal
regulation.

Regulations promulgated by the U.S. Environmental Protection Agency on April 6,
1973, apply to the renovation or demolition of structures having asbestos-

_41 The measurement technique for detertining,khe fiber concentration and fiber
-characteristics (e.g., diameter, length) are unknown.

k The methOd of measurement for determlining fiber concentration is nknown to
the authors of this report.
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containing materials and to the Spraying of materials of not more than 1 percent

isbestos (see appendix A). Furthermore, OSHA regulation 29 CRF 1010.1001_for

asbestos discussed above ipecifies procedures for removal and stripping of fri-

Able sprayed asbestos fireproofing and insulation materials and requires that

EPA be notified when removal is to take place. The-required work practices

include wetting, containment,
container labeling, and disposal of the removed

materialin anapproved sanitary landfill. Fiber levels are not specified but

the regulations require that there be no visible emissions exterior to the

structure.

Since regulations affecting nearly all aspectsof_potential exposure:to asbestos

are being reconsidered by OSHA and EPA, any questions concerning these current

regulations should be_referred to the agencies' regional OffiCesi EPA and OSHA

Regional Offices arejidted in appendix B.

Most State -and local governments adhere to current EPA and OSHA_regulations;

however, in instan s where the problem is acute or has received public:mitten-_

tion, special byl_ws:cit ordinances may have been_paimeed which are More stringent

than federal regulations. State departments of health, labor, and;environmental

protection_can provide additional guidance in the event that more stringent

state regulations *re in effect or if difficulty is experiendid in locating

an approved dispokal site for asbestos - containing debrie;

3.3 GUIDE SPECULCATIONS-FOR ASBESTOS ASSESSMENtLANDLAJBATE_ MENIlf

3.3.1 Aasociaiion of Wall and Ceiling Industries (AWCI)

In Dece00 1981,-the Foundation_of.the_Will and ,Ceiling Industry -of the

Association of the Wall/Ceiling
Indditries-International, Inc. published 2Guide

Specifications for_the Abatement of
Asbestos Release from Spray - or Trowel7

Applied Materialsin BUildings and Other Structiirea [II)." The guide speCifica-

tions are intended to assist architects, engineers, and,building owners in

preparing project specifications and contracts for asbestos abatement work;

The guide specificationi_Were prepared by an_Ad-Hoc Teak Group that included

six contractors, two representatives from EPA, and one representative_from each

of the following organizations:. AWCI, Public Works Canada, HUD-PHA; Alberta

Labour (Canada), GSA, and OSHA. Theguide specification has not been officially

adopted or "approved" by the public agencies participating in its development.

The authors of the document made an attempt_to ensure that the guide sPecifica-

tiend reflect the best technology for asbestos abatement currently ava le.

However, they do not claim that use of the specifications Will guarant risk-

free, successful_ abatement job, and do not take_ esponaibiIity for any work_done,

using -these specifications. The guide Opecifi ions point out that tecnnoIOgy

relating to asbestos abatement_ is changing rap dIy and more advanded tpchniques

may become available.

If Inclusion of these documents dded not represent NBS endorsement or

disapprOVIII of their content.
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Thsguide_specifications are intended to be revised to fit the conditions_of_
each particular job. :_The specifications_include actions required by regulatic
as well as guidance oi-current work prattle's. The guidance is based upon
experience with abatement procedures and Otero procedures forcamplying with
the reguIatoii requirements.

The guidsspecifications recommend that building owners and their representw.
rives require that contractors who sub t'bids forssbestos' abatement work
demonstrate that they have had exp r ce in such work._ It' further states the
they should require contractors -to submit letters of reference -from the owners
of the buildings where this work was done, and air monitoring data taken durin
this work. AS an alternative to, or in addition to, previous experience,
building owners should require of contractors submitting bids that the contrac
tors have successfullx,completedia training course in asbedtos abatement work.
If so, the contractors)sheuld be- required to submit letters from the firm,
agency, or association which conducted the training course and a syllabus of
the session. Training_ sessions should, include instruction in applicable regu-
lations; work area isolation; worker protection; the selection; use; and main-
tenance 'of respirators, proper asbestos abatement techniques, and proper work
area decontamination procedures.

3.3.2 Public Bui ngs Service (GSA)

The Public Tuildin ervice ofGSA has issued Tentative Guide Specifications
.

on Asbestos Abet men Procedures [12]. It covers-all necessary to reduce
airborne asbestos fiber concentrations tote reqnit d level and to Asintain it
at or belowrhat evel during construction. Italso covers procedures:for the
removal and/or containment of fridble asbestos - containing material. The docu-
ment- requires the contractor to assume full responsibility,and liability for_
compliance with all applitible Federal, State, analocal regulations pertainin,
to the protection of workent,_ visitors to the site; and persons occupying area,
adjacent _to the site. -4 ----.

3.3.3 CiVil Engineering Laboratory (U.S. Navy)

The Civil Engineering:Latoratory, NavaI_Conatruntion Battalion Center; 'in
February_1981issued Technical Rep2rt R883 'Management Procedure for Assessmeni
of Friable Asbeptos Insulating Mat4rial" [5]. This_document provides_proce-
dures for evaluating friable asbestos-containing materials. An asbestos "haze]
index" is presented for determining if an abatement froject should be. initiate(
The "hazard index" is currently being tested at _Navarfacilities.-: The documeni
also includes guidance -oh- proper interim control measures, as well as guidance

ar
for selecting and specifyi appropriate long -term control. measures, standard-
ized safety procedures; a a personnel protection during maintenance and control
of friable asbestos -cont ning insulating aystems,_including_their disposal. %
The long-term control measures emphasize the need for costeffective alterna-
tives which will meet current fibAr pollution restrictions.

Although the docume'nt does not present guide specifications for asbestos'.
abatement, it does provide information with regard to the factors to -be consid7
erect in contractpreparations. The documenralso presents samples of ,technical

31



f

specifications for dry removal....watramciVili_and-ancapsulation of friable
asbestos insulating Material and asbeitos,contaminated iters. The sample-
technical specifications were prepared in-accordance with EPA, OSSA; and Navy

'=regulations on handling asbestos materials._

3.3.4 Naval Facilitiii Engineering Command (NAVFAC)
__

NAVFAC has prepared a draft guida_specification_liFOS7/4075; "Ramoval and

Disposal of AsbastolOaterials" This draftguide_sOacification is
intended to be used as a model in preparing prOeit specift-

cationi. It covers the safety procedures and requirements -for the removal and
disposal of friable asbestos-containing material.: Noo7friable con-

taining asbestos normally -do not require_special handling_ and_ disposal proce

dures unless such materials are fillet- 001Virisedi'or handled in such a manner
that will cause ddit and airborne asbestos fibers to be released. if -the pro-

fact- contains nonfriable asbestos that is considered -to -be hazardouedue to
material condition; than the ponfriable:asbestos shall Wspecified to be

removed in accordance With procedures established for friable. material.

'
,

3.3.5 Offide Of, the Chief of Naval Operations. (MAW
On February; 12;L1982 OPNAV issued Instrnction 6260.18,_"Controlot Asbestos
Exposure to NAVA1 PariOnnal and Eftvirtins" [I4)i These instructions are intended

to enable U.S. Navy personnel to comply with tha national safety_and_health

standards for asbestos regarding occupational health and to comply-with the

National Emmission Standard for asbestos for environs:antra protection.

3.4 AMER/CAN SOCIE .1 : A = ) STANDARDS DEVELOPMENT

3.4.1 ASTM Task Group E06.21.06E on Encapsdlation.oBuilding Materials

In ASTM'Committea E4 on Pirformanta of BuiIdIng.Constructionr; s;Task_Group on -

Encapsulation of Building Materials (E06.21.06E) is_ChArgid,with the develop-_

nant of a Standard Specification.for-Encapsulating Agents_for_Friabla Asbestos-

Containing_Building_Matbrials. A draft standard is in-preparation and may be
changed ptiotto being adopted as an approved standard. The present scope of

thiidraft describes the testing and performance of ancapsulants designed.to'
Wray-or eliminate the release of asbestos fibers from:the matrix of friable

Wray- of-trowel-applied aibeittii=diitittintrig building' materials.

The "draft" standard consists of two separate test protocols with acceptance

.criteria:

1. a series of laboratory tests -which show whether an encapsulant.is
capable of acceptable performanca on a specified isbestos-fretit
matrix, and;

This is necessary since EFAIdoea not allow the use of asbestos in preparing

laboratory test samples. 1 :
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2. a series of tests to be conducted in the field at each location
where encapsulation is being considered, which show whether an
encAlisulant Is acceptable on the specific Asbestos-containing
matrix.

This ASTM diaft standard does not provide a means for deterMining whether
encapsulation or any other control technIque,is suitable for any particular

. installation of friable asbestos-containing material and dnes not give guidance
for making such a deti'holnation. The purpose_of this draft standard is to pro-
vide guidance for the selAction of an encapsulant once the decision to encapsu-
late has been made. It.is assumed that users of this standard have already
made a decision to encapsulate friable asbestos-containing material and that

.

this decision isappropriate.

e proposed test methods for laboratory testing are: cohesion and adhesion;
penetration; deflection, surface abrasion; air erosion, fire resistance, sur-
face burning, and surface,impact. ,WIth regard to field testing; the proposed
test methods are: adhesion and cohesioni.penetration (for penetrating encap-
sulants only), and fiber release. The teat protocols in this standard do not
cover the permeability to water vspor.of encapsulants when applied to friable
materials, or the mildew and fungua'resistance of encapsulants; or'the ability
of penetratiug:encapsulants to -aid control of application amounts by tinting.
These properties may be determined by other standard test methods.

For information'about the status of the ASTM draft-standard the reader is
-:referred to ASTM headquartersil.

3.4.2 ASTM__StaUderii-E8-49-

The ASTM Standard E849,- Standard Practice for Safety and Health Requirements
Relating to Occupational ExposUre to Asbestos (153, was approved in April 1982:
This standard is intended to be used for occupational exposures including min-
ing; milling, transportation, manufacturing and product use The scope_
excludesoccasional work that may involve inter4ttent exposure and patholo-
gically inert particulates such as certain asbest6e cement dusts. Section 3.1
of the standard states that it is meant to "(a)protectagainst the development
of asbestos related disease; (b) be measurable by techniques that are valid,
reproducible, and available to industry and.official agencies; and (c) be
attainable with existing technology".

The maximum exposure to asbestos for a specific time required by -the standard
calls for the concentration of airborne asbestos particulates not to exceed
peritissible occupational environmental limits of 2.0 f/cc based on an 8 hour
time weighted average and 10.0 f/cc based on-peak levels. The fibers -are
defined as monitored particulates with an aspect ratio of at least 5:1,
minimum length of_5 pm, a maximum diameter of 3 pm, and the appearance* a
fascine (bundle of sticks effect).

American Society for Testing and Materials, 1916 Race Street, Philadelphia,
PA 19.103.
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The ASTM Standard E849 includss annexes-with mandatory information on
characteristics of asbestiform mplerals, epidemiology and toxicity tastsi
rationale for the 5:1 aspect ratio, midget-impinger instrument for mineral
dust sampling; and personal protective equipment.

3
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. EVALUATION OF ASBESTOS-CONTAINING MATERIALS IN BUILDINGS

It is necessary that a consistent approach be followed in detertining the
condition of asbestos-containing material in an agency's building inventory.
The_methodology presented below represents a compilation of procedures devel-
oped_from a review of -the literature, analysis'of procedures_ used by Federal
and local governmental agencies, and those'found most effective in an asbestos
survey'NBS performed for GSA.

4.1 REGIONAL SURVEY

When an organization has a large inventory of buildings which are geographical
dispersedi_it is necessary to'determine, on a regional basis, which buildings
have friable asbestos-containing material and may require abatement action.
Thia is necessary for petting priorities and establishing budgets.

Scope of Survey

A. A representative of the regional office who is knowledgeable of
asbestos assessment should visit every building in -the region to
identify-locations where asbestos-containing materials may have been
applied. Samples of suspected_ materiaia_should be taken from these
locations for_testing.. Even though fireproofing and insulation
containing asbestos were applied only in the period following World_
War II to the early 1970's; no building should.be excluded:from such
a survey. Buildings constructed before and after this period of time
may have undergone renovations wheteasbestos materials were used.
Eath floor including basements, penthouses, or.attics should be
visually inspected. Materials containing asbestos may be located in
numerous areas:of any building: (1) in open view on ceilings; walls
ore throughout the_entire building; (2) in one particular room
(computer, keypunch); (3) in corridors_and staircases; (4) in
restricted access areas such as mechanical rooms, ,or penthouses, or
(5) in enclosed spaces such as air plenums above 'suspended ceilings
or vertical air shafts::

B.: Bulk samples of material suspected of containing asbestos should be
analyzed to confirm its presence and to assist in assessing the poten-
tial airborne asbestos fiber level of each building. The general
condition and the location of the_materlal_ahOuld_be_noted._ Sampling
techniques; including an inexpensive and simple field test for quickly
determining whether asbesto4 is present in building materials, are
discussed in more detail in section 4.3.

C. Based on data collected in A and Bi buildings should be selected
for detailed follow-up investigation as outlined in section 4.2.

4.2 BUILDING INSPECTION PROCEDURES

After it has been deterMined through the regional survey that a building has
friable asbetos-containing material, a more thorough inspection should be made
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The following steps may be taken in determining the location, type and
condition of asbestos materials deeded to evaluate the building with regard
to asbestos applications.

4.2.1 Discussion with Building Personnel

Maintenance and operations staff will probably be most familiar with the _

building and applications of asbestos-containing mftterials. They should be 4
able to provide information on the special4arocedUres followed in the building
when working around asbestos-containing materials and building documentation
(plans, specifications, etc.). Historical information relative to previous
asbestos evaluations, abatement actions taken or planned, etc., can also be
obtained from the staff.

4;2;2 Review .ofPlans and Specifications

Building construction records should be reviewed_ to_determineKwhere_asbestos-
containing materials may be. located, to establish the type and concentrationnf
asbestos in the material, and to assist iiifeva/uating- building systems which may
affect airborne asbestos fiber Ieveis.-§inet records may erroneously report .

either the presence or absence of asbestos, reliance on building records alone
is not recommended.

4..3 Review of Previous Investigations and Abatement Actions

Many buildings have_had_previous asbestos in'VestigitiOns and/or abatement
actionetaken_and this information should be revieved. This historical
PersPectiveallowsanevaluationathecondition6ftnematerial over time and
would be vital in preparing future recommendations. '

4.2.4 Walk-Through Inspection

The following can be accomplished during the inspection of the building:

a. compare as-built condition of the building to°that showi-bo-aVailable
plans and specifications; (

b. determine location and_ condition_ of_ asbestos - containing., materials with
appropriate photographic documentation;

c. evaluate building systems which may affect airborne asbestos fiber
levels (e.g.; open air return plenums);

d. select portions of the building which may require follow-up sampling
dnd evaluation; d

e. determine the_ciaracteristics of the_ building_ occupancy which may
affect the selection of asbestos abatement actions (e.g.; effect of
temporary relocation of tenants).
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4.3 SAMPLING TECHNIQUES1/

After material which may contain asbestos fibers is located in a building, it
is necessary to first confiriXits_presencei and then to determine if asbestos
fibers are being released tc4:the air'._ Guidance for the sampling and analyiis-
of atibestos-containing matertOis has been prepared by EPA (16].

4.3.1 Field Test for Asbestos2/ 116

Kim and Kupen have developed an inexpensive and simple field test (K2 test) for
quickly deterMining whether asbestos is present in building materials [17].
The K test is a color screening test that reveals the presence of the magnes-
iUM orjron found 'in asbestos. The test procedure consists of mixing a small
sample of material. with selected chemicals and_ reagents which: cause the_magne-
'sium or iron -to be released. Theselements then react with the reagents to
produce either a red co or for iron'or-a blue ' color for magnesium; No color

Achange means that nei 4S er iron nor magnesium is present and indicates the
absence of asbestos. If magnesium or;iron7is_ptesent, a sample should be sent
to a laboratory toconfirm the presence of asbestos._ If_a test is negative,
however, :he probability of-finding any asbestos by further testing is extremel
low and does not warrant laboratory analysis [17].

. .

' ::....

While the validity and-accuracy_of_the K2 test has beeti shown bxilaborat ry
analysis, field experience has indicated the folloWing Problems2!:

A. Some field personnel feel:uneasy doing the test because "tearing" of
the bulk sample is involved, resulting in potential asbestos exposure
even though precautions are taken .(respirators are worn, 4t samples
are used, etc.).

)4 -

B. Some nontechnical personnel collecting samples do not want the
responsibility of screening and deci-ding.

..,.,. ,_

43a Bulk:Sampling. (40;16]
11.

. (\.
.

Once suspected asbestos-containing material has been_ identified in a building,
the entire building, should be inspected for identical materials. If other
forms of suspected materials which differ in texture, fiber type; or color
(other than paint) are found, these should be noted as different IlLaterial areas
and sampled separately. After inspecting the building and taking samples, the"
samples should be analyzed by a laboratory. The remainder of this section

1/ NBS has not evaluated the measurement methods:discussed in this report and
therefore neither endorses nor disapproves their adequacy.

3.1 A desCription of the test method is available from Publicationi
Dissemination, DTS, National Institute, for_ Occupational Safety and Health,
4676 Columbia Parkway, Cincinnati, Ohid 45226;

3/
.... Private communication with test developer.
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discusses the selection of an analytiqel_tcchniquei_the selection of a
laboratory, and practices to ensure 5Uality of results.

Salection_ofan-Analytical Technique- for Bulk Samples 151

Many. materials suspected of containing asbestos consist of a mixture of asbestos
and other components such as fibrous glass, rockwooI, slagwool, woodpulp; and
paper fibers. Bulk samples of building materials are analyzed by microscopic
inspection to deterMine whether asbestos is present and, if it is present, in
what quantities and types. Lentzenbet, al. [18], discuss a statistical approach
to evaluate precision and accuracy of, laboratory measurements Of asbestos in
bulk insulation..Material. There are three pIsaitilefparldentificittonlaCh
niques: polarized light_ microscopy (also known as petiographic microscopy),
x-ray fiiffraction, and electron microscopy.:

Polarized light microscopy is the technique most widely used; primarily because
the techniq9#is well established -and the analysis is relatively low_in_coat.
The techni4aeTinvolves the identifiOation of substances_by their= tical and__.
crystallographic_properties; an experienced microscopist can lacera:even email
amounts of asbestos in bulk samples. Accuracy below five percent is queetion-
able and should be regarded as a trace. Samples below five percent tend4o.be
inhomogenous.

X-ray diffraction is a more expensive technique which Involves axpostag a small
sample of the material to x-rays and identifyingminerals_by their unique_dif-
fraction patterns. The technique'usually yields information with a high degree
Of diagnosticreliability. However, a'is not suitable as an independent met-
hod of analyzing samples to determine whether they contain asbestos for two
reasons. First; X-ray diffraction cannot differentiate between fibrous and
nonfibrous forms of serpentine and amphibole_tinerals,_and cannot positively
idehtify a_Mineral Ate asbestiform. Second, it may faii to detect small concen-
trations f asbestos (less than two percent to four percent if fibers are not
cdnce rated during laboratory preparation). For these reaeona, X-ray diffrac-
t should be used only as a supportive techniq6e to confirMresults achieved'
by polarized light microscopy.

The third microscopic technique is electron Microscopy: Although specific and_
accurate fiber-igentification can be achieved using this- taohnique; partitUlarly
if it ie used inConjunction_with polarized light microscopy, and X-ray diffrac-
tion, t-he'cost of-electron microscopy is extremely high, and the availability
of laboratories which canonduct the analysts is limited. Electron microscopy
is not a precise method for determining asbestos_concentration. Analytical
methods of analysis recommended by EPA are polarized light Microscopy with or .

without dispersion staining and X-ray diffraction 116). EPA does, not recommend
electron microscopy as a method for analysis; its primary usefulness lies_in
its ability to resolve any ambiguities arising from the use of polarized light
microscopy and X -ray diffraction. If data on the length, width, concentratlon:
and species of mineral fibers are needed, microscopy methods are necessary for
mineral fiber analysis. Because of the smatl size of the particles, electron
tmicroscopy iiinecessary (19].
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Table 4.1_from reference_[5] summarizes the
three bulk sample analysis techniques.

Table 4.1 Summary of Asbestos Bulk

advantages and; disadvantages of the

Sample Analysis Techniques21

Method Advantages Disadvantages

Petrographic
Microscopy
(Polarized:
light- micro-
scopy)

Relatively rapid and low_
cost per analysis, puited
for exact identification
of minerals_ present and
estimate of abundance

Ugh.level uf operator_training
and experience required;_fibers
with diameters of less than
0.5 pm cannot be identified

X-ray
Diffraction

Unambiguous mineral fiber
identification; rapid
fingerprinting of sample
with permanent record-

High investment in training
personnel and capital equipment;
may not detect minor fiber
abundances ..(less than 2 -4 per-

cent); especially if other
crystalline phases are present

Electron
Microcopy 'fibers

Absolute determination of
present and iden-

tification of mineral
species

High equipment and analysis
costs; highly trained operator
required

11 Table taken froM referenc[5].

4.3.2.2 Selection of a Laboratory

The identification of asbestos in bulk materials is not a routine laboratory
procedure. Only laboratories which are actively engaged in-using polarized
light microscopy or X-ray diffraction to determine whether asbestos is present
in bulk samples should be considered for this service. GSA requires proof of
qualifications of testing laboratory and personnel be submitted for approval
by the contracting officer [12];

EPA sponsors an- analytical proficiency program for bulk sample"analysis with
approximately 75 laboratories currently participating in the program [16]. EPA
periodically sends these laboratories samples of materials with the asbestos
content known only to the agency. EPA compares the results determined by the
laboratories with the actual asbestos content of. the materials; The results
far commercial laboratories which participate in. the program are available from

p
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EPA by callt4g (800) 334-857111. EPA has published _'- procedure for evaluating
the performance of laboratories which have not participated in the program (16].

In order to ensure that the_laboratory4as analyzed the sample' according -to
the procedure requested; and to facilitate therecordkeeping process, it is

iipottent that complete reporting -of -;the analytical results be obtained from

the lab-Oratory; A complete and signed,report should be obtained from the
laboratory and should include the following:

1. Sample identification number and name of. requesting organization.

Analytical method used to analyze the sample.

3. Percent of each type of asbestos present.

4; Type and amount ofifibrous material 'present in the sample.

4.3.3 Air Monitoring (4;5;16)

Ait McihitOtihgi currently the most widely used measurelent method for -

determining airborne asbestos_fiber subject -to measurement inaccur-

acies inherent with the methodology employed.: Also, it provides only an esti-

mate of theactual nuMbet Of fibers in the air at any given time while extent

of fiber telease may vary widely, over time. Levels may vary_depending_on the

level of t'he activities in the building; as well as changes in the building
condition.

-Guidatteon-Sampling__Nethods

Considering the current state-of-the7art; it is not_postible to. outline a
statistically bailed apptoadh for collecting and analyzing air samples in a

building. Such Approach would have to consider all relevant factors_such as
building construction characteristics, occupancy_typei typical activities of
occupants; etc. The,following general guidance is provided in selecting an

air sampling program.

Conditions under which air sampling shouid_be schedUled_ih a building are:
(1) normal occupant_activity; (2) custodial activity, -(3} routine maintenance"

near eibestde-containing material*, and (4)_application of bUildiig modificw-

tiand ditedtly affecting asbestos7containing materials (e.g.i_movemeht of

partitions, construction of floor penetrations). Sampling under "quiet" Condi:-

tions; such as at night; May be_Mdsleading because asbestosfibers more likely

would become airborne as a result of disturbance through human activity;

Rtference (5] lists the following criteria as basic to any air monitoring
program:

Research Triangle Institute; Research Triangle Park, North Farolina:.
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. Samples obtained should, be representative of the airborne fibers at
the sampling point.

3: .Numbers of samples must be sufficient to compensate for the variation
Of concentration with time and space and represent "full shift"
exposure to the worker.

Samples taken -for s ort.periods-of time with low volume personal
monitoring pumps_ca only be satisfactory in high dust qoncentrations
where a measurable unt of.asbestos can be captured.

4; Long period sampIingi instruments must be use .in low concentrations
to obtain environmentally significant samples.

5; Samples must be taken within the workers' breaihing_zone or in the
immediate work areas; as well as outside of the controlled area, as
necessary, to properly characterize airborne asbestos fiber levels;

6. All_persons monitoring asbestoscontaining material, as well as persons
evaluating samples of the material, must be.-judged proficient in these
disciplines, in accordance with generally accepted methods;

Locations and building activities where air monitoring may be conducted include:

A;

Moditoring_devices for collecting personal samples should be placed -in
the breathing zone of persons who occupy the room during normal build
ing activities; The exposed filter should face downward within the
breathing zone.

B. Air Return Plenums and Vertical Shafts

In open air return plenums where structural members are coated with
fireproofing containing asbestos, the air should,be sampled for
asbestos fibers periodically during normal building activities__ and_
when - renovation or asbestos abatement projects are underway. Vertical
shafts which return the:air from the horizontal plenums to the main air
supply rooms should also be sampled;

C. Maintenance Activities ..:

Periodic samples should be taken in areas where maintenance activities
are being conducted to determine whether excessive fiber release is
occurring.

Air monitoring should -be conducted during renovation projects which
damage asbestoscontaining material and during abatement projects.
Area sampling should be done inside theseaIed workspace, immediately

C
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outside_the workspace, near all major openings, and inside_the clean
room and docontatination room. Adjacent occupied space and air return
plenums should also be monitored; Personal sampling of abatement
workers should be conducted.

OSHA regulation 29 CFR 1910.1001 sets_limits for permissible_ exposure to
airborne concentrations Of asbestos fibers for renovation and asbestos
abatement activities (see appendix A).

4.3.3.2 Measurement Methods for Air Samples

Phase contrast microscopy is specified in section 1910;1001(0) of Title 29,.
Code of Federal Regulations, as the method_of fiber content measurement of air
samples_(see appendix A). A sample is collected by draWing_air through a mem-_
brans filter at a known rate. A segment otthe filter is then mounted, treated
chemically to make the filter membrane transparent, and examined using a
special microscope reticle and counting procedure with phase-contrast illuiina-
tion_at 400 to 500 magnification. Particles are observed for shape and_size.
Results are presented as the number of fibers per cubic centimeter of air drawn
through the filter. This method has limits on the fiber size rangeo ich it
can be used with only particles having a length -to -width (aspect)"rati greater
than 3:1 and a length of 5 gm_or greater counted as fibers (see figures 1.2 and
4.1)._ Secondly; reference [61 points out that fibers other than asbestos (e.g.,
cellulose, 41asa fibers) whickare likely to be present in ambient air would be
counted by phase contrast microlcopy; Finally, the measurement method would
miss very thin fibers of any type (<0.5 gm in diameter). It should be_noted
that substitution_of'another fiToer measurement method* such as those listed
below, would require a special interpretation by OSHA.

The electron microscopy- method permits detailed examination and identification
of asbestos fibers_of all sizes. Either scanning electron Microscopy or trans-
Mission electron Microscopy is used. Magnification necessary to identify
asbestos in its smallest dimension is within the range of these instruments.
Fiber size_range detected by electron microscopy is all inclusive while that
seen optically by_phase-contract microscopy is much more limited._ In-some
caaeso the distribution of fiber length will fall.below 5 um, producing,;a zero
ftbir count by phase contrast microscopy, but the same sample may have a i-
ficant fiber count when examined by electron microscopy.Q, Analysis.by el ct4on
microscope_is extremely expensive (maybe 15_times costlier than phase con riet
microscopy) and time-consuMingiend the number of laboratories which can
conduct the analysis is limited, ....

An_EPA provisional method 120] is also used for the measurement of airborne
asbestos concentrations.

n
e main features of this method include depositin
10an air sample on a polycir to membrane filter, examining an electron micro-

scopy grid specimen in a transmission electron microscope and verifying fiber
identity by selected area ele on diffraction.

c, 42
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Figure -4;1 Comparis0n_of fiber dite_r#nge and techniques for
particle size measurement

Taken from referenceeference [5].
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4-,40.3.3 Comp4r.tataiLtr_Sampling Results With Federal Regulations

Specific guidelines are not currently available for_occupant exposure to
Airborne atibedtoti fibers in -buildings having tnislace asbestos-containing mate-
rriala (fireproofing; insulation; etc;) that are not disturbed:by maintenance;

- renovatteni or removal activities: What the limit should be is unknown; but
subject to much debate Aa noted previously, the EPA has developed some
guidelines fot a-eh-66110 i 394,21]; but air sampling is not included;

The OSHA regulation19CFR 1910.1001 (appendix A)_has set the permissible
exposure level for asbestos fibers at_2.0 fibers (longer-than5 pa)_per,cc of
air on, an 8 hour TWA bailie for ditUationa'vhere work in the building disturbs
thein-plate-materkhls containing asbestos; Allowable concentrations of_air-
borne asbestos fibers when work is taking place is 10.0 fibers (longer than
5 pm) per cc of air.

(OSHA alSti had issued an instruction for Minimum Airborne Fiber Concentrations
for Initiating and Continuing Asbestos MedicalExaminations[22]. The enforce-

ment guidelines require that medical examinations beTkiyen for an asbestos con7
identration equal to or greater than 0.1 fibeti; longer than 5 pm; per cc of Sir,
on an 8 hour TWA basis.

4;4 AVAILABLE- METHODS FOR EVALUATING THE POTENTIAL ASBESTOS EXPOSURE IN.
BUILDINGS`!

Several asbestos exposure indexes have been developed for application in
buildings which are claimed by the developers to provide a basis for making
decidions-regarding abatement actions.

,

EPAOUbliShed a draft guidance document [4] -in 1979 which identified eight _

'----Iactors which "should be considered by school officials -when determining_whether
hazardous condition eXists_dueto the4oresence of friable asbestos. They are;

(1) condition of material; (2) water ditaga, (3) exposed surface area;
(4) ceddibilitY, (5) activity and movement; (6) air plenum or direct_ air _
stre-m; (7) friability; and (8) asbestos content (as determined by bulk anal-

ysis ..- This was followed_by_the develoOtent of a "Draft Adbestos Exposure

Assessment Algorithm [23]_Whinhid a tethOddlOgy for obtaining a quantitative
exposure number which can be used to select various options for asbestos

tontrol; EPA has the algorithm under evaluation and has noti'as this wriiNg;
published it in final form.

.

The_algorithm was prepared taking into account fiber charanteristics;asbestos
flak fattora; and experience with school exposure situations. It does_not

-nonsider factors such as duration of exposure and population characteristics.

1/ NEIShat not evaluated these methods and neither endorses nor disapproves
their application. They are included for the reader as_a guide_for the
assessment and abatement of asbestos - containing mate als. It is recommended
that the reader contact the organizations which devel ped these evaluative
methods if additional information is required.
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There are three ate in applying the-guide: (1) theeight;fittdrs'.are assigned
a nuMerical value co responding-to their-proper description; (2) thi,numerical
values_are combined by a_m4thematital formula to produce the_exposure number;
and (3) the exposure number, is cOmPared to the corrective action scale.

°- GSA has taken the EPA algorithm developed for schools and_modified it to be more
representative_of highrisel?,uildings which are owned and eased by the Federal

' Government -41.
Apt ,

The Navy has developed a Juizard.index.(see section 3.3.3) with the assumptions
that potential_ health hazards assioCiated_with the presence of- friable asbestos,
depends on;_(1) the level of exposure., (2) .the number of persbns_exposedto
.asbestos fibers; 5d (3)_thd_duratioWBf exposure Oh The.level Of expos
depends on the percent of.apaestoe fiber as.determined'by bulk analysis; fr
bility of the material; and'Ie.;7611ofactivity in the space wheere4mbestos.is
located,.: The index recognizeq thiat.$8 the numbetnUpeople exposed to,a par7'.
titular concentration_of air6orndjasbestosjibers increases, the.chance of some
adverse effects also increases., 'Therefore; .the asbestos hazard index number
wil greater where a large number of people are exposed:thae for a situation

re lesser numbers of people are exposed-0A The length of time an individual.
is exposed to a given level of asbestos fibers contributes to the likelihood.'
of adverse health_ effects. Therefore, the hazard indei number will be-greater
when the number of hours that individualiere exposed in a year is. greater.

-A
Application and testing oUthis'index is underway in U.S. Navy facilities.
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5. .:ASBESTOS ABATEMENT' TtCAOPFES 151

Selection of_the appropriate corrective measure to accomplish the mosrfficient
long -term asbestos abatement solution,should be based on the condition of the
asbestos-containing material; its Iocationirbe function and occupancy of;-the
work area; and the cost. Each building area: containing materialahOul&be
considered separately in evaluation and seleCtion of abatement techniques.

In the selection 401 A corrective measure or technique, it should be determined
whether the aituation requires entire removal Of_asbestoi materials to eliminate
expoSure Or merely-contra of the exposure'by containment methods._ Encapsula.-._
tion and enclosure7are containment_ HO-de:that ly prevent or reduce expoedra
to ashestoseiaining material but terhceource*!7 Consideration.
should;be-given to the effect venepe and'peitrefiency of containment methods.
The ehtiria of airborne asbesto -fibers may'reappear because of- inadequate long-
tefmperformance of corrective, betement_tephnior materials and damage to
corrected areas caused by rePlir or remodeling activities. The two approaches
o the control of airborne aibestris fiber levils may be either interim or_long-
term;measures. Two ;important conaiderationi_in the selection -of either of -these
'measures are the level of deterioration of the asbestos-containing material and
functidn tof the material. For example, if fireproofing has deteriorated to the
point that the require protection is no longer provided to structural members;
interim measures may not be a proper selection even though very; feasible.

.-

5.1 INTERIM CONTROL MEASURES

EPA hai prepared guidelines for estabiithing andismintaininga management
system for asbestos-containing materials in schools (21]. The document recom-
mends that an asbestos management system should be implemented or each build-
ing with friable aabestos7cbntaining material in-order to contr 1 the level of
airborne asbestos fibers and to coordinate relatedectivities. ring the
period between identtfication and resolution of an asbestos exposu e_problem,
the'management system team should establish an educational and tra ning pfogram
and procedures that will reduce levels of airborne asbestda fibers by control
of maintenance; custodial; and repair activities. If a'containment abatement
measure is selected; a continuing inspection_ 4imonitoring program should be_
initiated. The management system team should otler to oversee the engineering
program and should be composed of members from the buildings' architectural/
engineering staff; planning and estimating office; building maintenance shop;
safety office; and -if available; an industrial hygienist.

The_management system program should include as a minimum, the following
activities:

4

An_educational_program to_inform the occupants of he bOilding of the
asbestos-containing materials.%

A recordkeeping system on file with the_buildftro architectural/
4 engineering staff and with the building's maintenance personnel.

Records of the location of the asbestos-containing materials and_of
inspections and reevaluations of the conditions of these materials.
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4

Periodic surveys for defecting' any changes in the condition of the
asbestos-containing materials.

0' Maintenance work proceduresio limit the re,leple of airborne asbestos
fibers. .

Proper duet control procedural for the custodial staff.

In the interim period;
significantly during egos
clothsor dam0 mops are
should be:carftedoutusi
vacuum cleaners or other'
industrial hygienist can

a level of airborne asbestos fibers may be reduced
ntial custodial work 0_01.1-treated dust mops and

inetead of dry dusting and sweeping. ;yacuuting
gh:eff*iency particulatf air ,(HEPA) filtered

telAV:to effectively filter asbestos fibers.-_ An
dv se andi.approve.propercustodial methods and.-

equipment to reduce levels of airborne asbestos fibca.

5.2 .LONG TERM-CONTROL-mEASURES_

The long-term control measures include_contal nt end removal methods.
Containment methods include encapsulation, and. e closure*end removal. may
accomplished by wet or* dry- methods.- These Iong-term methods. can be used separ7,,-
ately or in combination.in a building. A brief debcaption of these methods
follows:

Nve 'Encapsul:etion - asbestos7contaiting material id-coated or impregnated
with a bonding agent or sealant which restricts release of fibers.

:v

Enclosure - asbestos-containieg material is separated; from_ the building
work area environment by. bar4ers suCh.ai-imperVious sheathing:

_,...
r .

,

Wet Removal - asbestos-,4pOtaining material is removed using amended
water (wetting agent) anotOsposed of by burial in sealed containers
at an EPA-approv.ed landfill site.

Dry Removal - asbestos- containing material is removekdry and disposed
by burial in sealed containers at an EPA - approved landfill site.

--L.71)

Removal or containment of asbestos-containing, terfiLseneraiiy requires
specialized equipment and persons;involved in' oiking with the material who
should be made aware of EPA; .0SEIA;'arld'Aocal regulations and standard procedures
through training. Superintendentsic-foremeni and contract inspectors should
check for compliance With regulations: and, proper work,practices.

5.2.1 Containment

Contain4_ment of asbestos-tontaining material by encapsulation or enclosure
systeis in general takes less time than removing the material and is less

1/_... 1A_filters in conformance with ANSI Z9.2- 7 " Design and Operation-Of
:1,b-dal Exhaust Systems."
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expeniivel especially:if replacement of material can be avoided; It mast be
understood that the airborns.4asbastos fiber source remains and_that damage,
deterioration. ox_failureof.the protective syetem may result in recurrence of

ili
-asbestos fiber raise: 6 J.71:esefore,.tha selection of containment as a control
measure requires th a pa iodic inspection program be established. This is
necessary to'"ensure that the protective system maintains its integrity over_
long periods of_time, especially over die expected service life 02the protec-
tive system. If a containment system is selected, strictly contr011edmainten-
ance and custodial activities are, required for the life of the building, as 'Idi

long as asbestoi-containing materiel is present; Problems may recur later when
',building is renovated or demolished if asbestos-containing materials are
Osage& Encapsulation and enclosure measures are discussed 'below. '.

5;2.1;1 Encapsdlatibt

EncapsulatiOn_involires sealing asbestos-containing materials -with an appropriate
coating._ Sealing of surfaces of asbestos - containing materials is accomplished
by applying a coating material that will envelop or coat the fiber matrix,
restricting the raise.* of fibers; and afford protection against contact_
disturbance; Encapsulation should not be chosen if the asbestos-containing
material ie not Wall bonded to the substrate.-'.

Sealants areof two types: those that penetrate the sprayed asbestos material
and those that cover or- bridge the_material with a tough protective coating.
Each of the two -types of sealants has some ipecific advantagek_ Penetrating
sealants cause improved cohesive strength and impact resistance of friable
materials when the matrix is sufficiebtly saturated. Penetrating_sealants_also
exhibit varying degrees_of penetration from. about 13 to 32 mm_ (1/2 to 1-1/4 in).
Some may penetrate -to the substrate or structural member to which the friable
asbestos is applied. The bridging type of Sealant. exhibit, in general., better

'flexibility and abrasion resistance than the penetrating types and form a con-
tinuous surface membrane over the asbestos-cOntaining material. Sealants cur -

rently- available include_water-based latex polymers', water - soluble epoxy resins,
and organic solvent-baseli'polymers. See section 3.4.1 for,discussion of an
ongoing ASTM itandards activity on encapsulating agents for asbestos-containing
material.

_ . .

Encapsulation can he a practical method to control the release of asbestos
fibers,,but certain limitations make ituseful only in a relatively small
number: of. cases. Encapsulation is often advisable_in dituations'where the
asbestoc-containing material is- virtually impossible to remove such as on
denser, herder materials generally referred to as trowelled on or cementitipus
materials (25). EPA estimates that encapsylation is an appropriate control
techniqhe in no-more than 10 to 15 p rcent of_all_cases where asbestos-,
containing material requires correct ve sctioa (251.

Encapsulation of friable asbestos-co tainingimeterial should-not be considered
when the surfaces of these materials re:

accessible to personnel (low ceilings; corridors, or stairwells);
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potentially subject to_physical damage (by- vandalism; sports
activities, routine maintenance, or general use of building);.;

potentially subject to water- damage (history of_roof leaka,
plumbing problems, or accumulation of condensation); or ---

potentially subject to forceful structural vibrations (rooms
below or adjacent to heavy moving equipment or sports activity).

The_best_way tudetermine whether an encapsulant Will perform on a given
surface,is to field test it by applying it to a small section of the surface.
Several encapsulants should be field tested in this manner before a final
decision is made regarding which one to select..

The use of sealants is governed by the characteristics of'the friable material
Surface. Integrity of an encapsulated surface depends upon the bond between the

,:material and substrate to which it was applied and the cohesive strength_of the
-friable material. A sprayed ceiling, for example; With initially poor adhesion
to a smooth, hard structural ceiling surface, may result in bond and shear fail-
ure of the total thickness' of sprayed' asbestos containing the applied sealant.

'5-.2.142. Enclosure

"Enclosure of s rayed asbestos-containing material involves placing an
impervioug ba rier;hdtween the material and areas of building occupancy.',:These
enclosures cou be placeCeither on walls or ceilings. Depending upon the
integrity and type of barrier system, fiber fallout will occur only behind the
barrier, and exposure outside the barrier will be greatly reduced; Entry into
`these enclosed areas requires protellOn of personnel and fiber containment

. precautions.. ,

In selecting an-enclosure-system, -conlideration'muat be given to existing
plumbing, electrical or mechanical systems which require accessibility for
maintenance; repair or renovation. If the sitayearaMistos-containingimaterial
behind the enclosure is disturbed_during maintenancellh heating, Ventilating,
lighting, ur_pl4Mbing systems, asbtaios fibers may_hireleased into the build-
ing, especially if it is an open air return plenam; Where possible; all utili-
ties_phould be removed and rerouted from the >eclosure space;_and4 when
feasible; access_should not be.built into -'this space. The epice behind a
barriersystem should not connect Wit4in air plenum, and air from the enclosed
space should not circulate within the Occupied building unless'a 1PA filtration
system is installed for cIeaninvreturn air. Fire sprinkler systems may require
relocatbon.

Like encapsulation, enclosure reduces the potential for dispersal of airborne
asbestos fibers but does not eliminate the source and poses similar problems as
encapsulation during building renovation or demolition. enclosure of asbestos-
containing_material can be selected as_a control measure, provided that the
material will not be expected to be subjected to: (1) frequent damage during
routine maintenance activities; (2) water damage; and (3) condensation buildup.
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5.2.2 -Removal
:,

Removal of asbestos- containing material provides,a_lonr-te solution_by

imelimination of the fiber source. Removal of friable Jobe os material poses
significant probletti'of worker protection, -trevention.of A vironmental con-
tamination, and considerable interruption of buildintactivities. Replacement
with asbestos-free material must also be,considered.

Removal of sprayed asbestos material may be .considered [5] when any one of the
following conditions is present:,

;,'

The material is friable and significantly deteriorited or damaged.

The material is accessible and potentiallbject to, damage by
vandalism or activities in the space. 1,

The material will be damaged: during routine maintenance activities.

Critical factors which must be considered in the decision to remove Sprayed
asbestos-containing material include building characteristics, inability to
eliminate exposure in another way, surf acea to which the material is applied,
and cost. Asbestos- containing material may be remeved by dry or wet methods.

5.2.2.1 Dry Removal

Dry removal of asbestoscOntaining materialiis not recommended by EPA; but may
be necessary, if unavdidable'demage to buil*ng components, utility systems; and
equipment would occur through the use -of water amended with a wetting agent or
if, temperatures are below freezing [5]. If it is necessary to_use the_drf_
'removal technique, extreme caution must be exercised to prevent contamination
of workers; of areas outside_the controlled area, and of the environment from
theuncontrolled,,release of asbestos fibers. If well-managed, however,
removal can be- successfully performed. Written permission from EPA is required.
for dry removal.

5.2.2.2 Wet'- Removal

Airborne asbestos fiber levels in removal operations may be reduced by using'
Wet removal instead of dry removal [5]. Wet removal is-based upon the ability

-water to lower both the friability -of asbestoc-containing_material and the
borne concentration of released fibers, thus reducingairborne,asbestoa

levels. Because of the additional weight, released fibers settle rapidly. Use
of plain water may not be entirely satisfactory because of 41ourpenetration
incomplete setting, and runoff. Even with extensive soaking, areas -of dry
material will remain. Runoff is_oot only a safety andcleanup_problem but can
cause corrosion on metal parts of equipment and electrical syr.ems as well as
damage tolloor surfaces (peeling of tile). The resulting slurry can also be
transported by foot traffic to nonremoval areas, where fibers will reentrain
following evaporation of the water.

Water penetration into a fiber matrix may sometimes be significantly increased
with a wetting Agent or surfaCtant which reducei the surface tension of water.-
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droplets. Water amended with a wetting agent is commonly used by fire_
d eparttents; industry; and agriculture. This wetting technique reduces the
amount of water needed Lor saturation; increases cohesiveness of the--fiber
matrix; and increases tfli_probability of ihdiVidual fiber wetting. Use_of
amended water can reduce fiber counts by more than 90 percent as compared to
d ry removal. ThAS reduction of fiber contamination within the work area not
only reduces potential worker exposure ami_significantly improves- working
conditions but relieves some of -the dependence upon containment barrier:
systems inconfining fibers to the removal, area; Written permission from EPA

is required for wet removal [5]..

CnTDRLINES FOR SELECVNG APPROPRIATE ABATEMENT TECHNIQUES

Gadelines for selecting appropriate abatement techniques are presented in
table 5.1; This table ,Contains a summary of corrective methods. in addition to
information about the advantages and disadvantages of eachalethodi and
conditions for which each method is appropriate or inappropriate.

Li addition to the information presented in table 5.1; the following additional
factors should be donsidered 'in the selection of control measures.'

If thecu#erial is removed and fireproofing/thermal/sound insulation
requirements still exist; material with similar performance
charateristict must be applied.

If the asbestos-containing Material is accessible below the (2.7m)
9-ft level on walls, the material will be subject-to future accidental
or intentional contact and damage. However; in warehouses; gyms and
similar facilities; the leVel.to which material_is subject to contact
anckdamage is higher than--.theA2.7 9 -ft

If the asbestos-containing material is not removed; the problem must
be addressed at the time of demolition.

AD If an enclosure system is used, therikal insulating material will still
be functional.. Condensation problems and water problems; however; may
still occur.
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Table 5.1 Guidelines for SileCting Appropriate Abatement Techniques 15. 21)

a

Method Advantages Disadvantages When Appropriate .

Whia Inappropriits

Encapsulitiot

..,

.

Enclosure

4

Coptrols exposure
without_removal of
Asbestos. '

Usually most_ rapid
and economical:' ,,

.

Controls exposure.

my berepidi
economical uncoe-
placated method.

Asbestos source I:main'.

Fireproofing, acoustical; or
thermal qualities say be
reduced.

If material is daligid _ . _

or deteriorating, additional
weight of the sealant may
cause delemination;

. . .

Managsmenesyetse:re4 d '-

precautions necessary to
prevent dasage during
maintenance of renovation

Continuing inspections
required to check for
damage to encapsulated
surface. .

Maintenance of damaged or
deteriorating encapsulated
surfaces required.

.

Encapsulated material ii 101Conomic_nr

difficult to remove.

Asbestos source remains.

Fiber fallout continual
'behind enclosure. .

May be costly if enc101titt
disturbs functions of Othir
systems (e.g.. enclosure
mat require lighting 104
plumbing chaages).

Manegementsystea requited;
precautions necessary -for
entry into enclosure for
maintenance or renovation.

.

Removal not feasible.
.

Material still retains
bonding integriti.

. , .

Damage to material not
probable.

Limited;, accessibility
of material.' .:

Coeplex surfaces to be
Covered.

tile

.adventate.

Lemoval net feasible.'

DieCurbance_orentry_

.

intt_enclosed area not
likely . .

>

,-,'

Economic litentege.
' /

.
,

-7-
Mater el is accessible..

,.

/

Relevei-fseeible...
Matorisi hilpdoeldhesive
or cohetive itrength '

Woight_of sealant may
remit 4iIiitittions

Material it deteriorating
or severgaydieiged.

Damage to material is
probable.

Water demegedMaitrials.

Materials are- sore than
one inch thick.

In roome-which.ate
subjected to high
vibration. CI

r

Ramoial fbeeibIe. __ _

Damaged or dateribriting
material-eausing_high ;

-levels of fiber fallout.

'
7Water demist* iiteriels,

,.

' %

Damage to 6 enclosure,

likalt;

Entry into enclosure
prohibit for repairs
and.maintsnandi.

Continuing inabection
and-leititetienca_of
enclosure doubtful.

BEST .CtPY MRILABLE
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Table 5.1 (Continued)

Method Advantages ,.* Disadvantages Whin Appropriate Whin Inappropriate.

Enclosure Continuing inspection

(continue) required to check for
damage.6 enclosure system.

'..

Maintenance of damaged
enclosure system required.

Wet Removal Eliminates asbestos Usually one of the most High exposure. Removal is not feasible

(Must obtafn source. costly.and complicated because of_cost, location

EPA approval) methods: of material, and kind of

_

'

414rface to which material
has been applied (e.g.,
removal of material from
coupler surfaces such as
,pipes, linen, and ducts).

Ends exposure Usually one of the most Material is deteriorating When temperature is

possibility. time-consuming methods. or damaged. below freezing. '

_.

replacement vith substitute'
material may be necessary:

Material Is Accessale.
.,A

Corrosion problem.:.

'Dry Removal Eliminates asbestos Usually one of the most High exposure. Removal is not feasible.

(Must obtain_
#4 EPA approval)

source. costly_and complicated
methods.

,

because of toot, rotation,
'of material,and king of_
surface to 4hich iitaiial
has been applied (i.it,
removal of material from

,

1

complex surfaces such as
pipas,.. lines, and ducts).

..

i

Ends exposure Usually one of the most Material is deteriorating When wet removal is

possibility. 'tine- consuming methods. or damaged. appropriate.

Replacement with substitute
material may be necessary..

Material is accessible.

Extreamly high potential Temperatures are below
freezing during removal
operations.

for worker exposure.

Corrosion of-metallic
connectors is of major,.
concern.

4s

'BEST COPY MIME

'
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`APPENDIX A - SUMMARY 'SF EPA AND OSHA ASBESTOS REGULATIONS2:1

EPA_ RE

The U.S. EPAILegulations_contained:in_Title 40, Cpde of Federal Regultions._
Part 61, as amended, applicable to asbestos removal operations are sutterized
be low

Subpart A - General Provisions

This subpart_containe definitions (61.02), regiondl EPA office a, 6§
(61.04); waiver information (61.10); (61.11), and other pe.tinexit, ormation.

Subpart B NatliOnil Emission Standard for Asbestos

Section ',COntent,

A'1.21 Definitions 'Terms_relating to asbestos material; visible
eMissions,idemo14.tion,friable asbestos.mate--,
rial, renovation, wetting, removal, stripping,.
and Waste material are defined in this sectio

'561.22 Emission standard, Contains information on apalication o
work prattice a dards, notification requIrements, stripping
requirements of friable,asbestos material; wetting, exhaust

ventilation systems; restriction of spraying,
of asbestos_ containing material; waste'material
handling and labeUng,;and disposal. regulations
including-sit requirements. SP*S-C,ifieS.the

applicability of standard to stripping or
removal of aabestob_materials of more than 80
meters (260 feet) of covered pipe; or 15, square
meters (160 square-feet) of friable asbestos
materials used tocoVer a structural member.

Procedures to:prevent emissions are described:
adequ'te wetting, local exhaust ventilation
syste_:, proper movement and handling, and
excepts to wetting requirements.

Spraying:of over one- percent asbestos. material
on. structural' membeFais.prohibited. Waste

s
disposal, methods in renAation shall not pro-

4 jduce_visibT44mis.sions: waste material will
beplaced in locktight.container while wet,
and- disposed of in sites in accordance with
provisions of §61.25.

Taken directly from reference [5].

A=.1.

0
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S61.5 Waste di,epdial sites

Amendments' to 40 CFR, Part 61
Register of Wednesday; March
ambiguities and omissionsin

a

This section contains regulations on emissions
acceba restrictions, sign posting, and opera-
ting methods for asbestos waste disposaltsites,

, have been proposed and ar found in_the Federal

2. 1977. The proposed amendment resolve certain
the present standard.

_______
The applicability of regulations on renovations, removing, and stripping_

asbestos is broadened by deletion of phrases which_liMit application of the

regulation to asbestos sprayed for insulation and fireproofing'only. The

proposed changes would enable the terms to cover all'sprayed friable asbestos

material, fOr whatever the intended purpose.

The amendment also.clarifies_the definition of structural member, and
specifically includes_nohload-supporting. members such as ceilings and walls in

the scope of the regulation.

-0-SRA-:ILECLtAT_7.DRS_._P_ERTkINI.NG TO ASBESTOS

Applicable' regulations of the Occupational Safety and Realth_AdMinistration

U.S. Department of fibor are contained in Title 29, Code of Federal Regula-

tions, Part 0-10. Regulations specific to aibistos removal or at, ipping.gre
contained in section 1910.1001 et sew. are summarized below:

Content x-,4

Ca) Lists definitions. Definitions of askestos and asbeetosliberav
Size limitation dr 5 micrometers di::Logir.

' Section 1910-;TDat
17

(b) Sete limits for permissible Eight-houp-time-weighted,average_TWA: two

exposure to airborne concen- fiberSi lOnger_than 5 micrometers; per

trations of asbestos fibers.. 'cubic centimeter of air (f /cc). Maximum

toncentrations: 10 f/cc.

(1)_ Engineering methods: isolation;
enclosure, ventilalelk; dust collectionl
should be used to meet the exposure

(2) Worker protection: Wet methods w
be used, insofar as practicable; to pceVen
the emission of fibers in excess of the
limits.

= (c) Methods of compliance,
frecommend methoda to meet
limits for exposure.

(2)(iii) This section lists specific
requirements for both_respiratory protec-
tion and special clothing for removal
workers.

A-2



(d) Personal protective equipment
is specified for various
conditions.

Seetibb-1-940;-1001

(e) Method of measurement of
fiber concentrations is
defined.

'f) Specific procedures of
measurement and monitoring

(g) Caution signs and lobelia,
are defined.

(h) Housekeeping to reiece
exposure and waste disposal
methpds are described;

1k'
Specifie!' recordkeeping and
requirements for'Mhintenance
',and retention of recordt.

1

Respiratory_protective equipment and
special clothing are required whenever the
exposure:limitS can reasonable be expected
to be exceeded. Equipment approved by the
agency is referenced.

. ,a

Respiratory protection:,

(d)(2)(i) Concentrations up to ten
times the allowable limit (20 fide
TWA, or 100, ficc ceiling limit): air
purifying respiratori!,
(d)(2)(ii) Concentrations up.to lop,
times the liMit (200 free TWAi_or
1000 f/cc ceiling limits) require
powered air, purifying respirator.
(d)(2)(iii) Concentrations above 100

-times the limit require type "C" supplied
air respirator, continuous flowdr pres-
litire demandclass.
(d)(3) Special clothing shall be provided
if limits are exceeded. Includes coveralls
head coverings, foot coverings.

When clothing requirement is met; launder-
ing service or disposalahould be provided.

COntent

Determinations of airborne concentrations
of aabeatos fibers shalljie made-_by,the
membrane £1 r co lection method with
phaseipo trast microscopy. 1/41

Personnel monitoring, environmental moni-
toring, and frequency of monitoring are
covered.

Specifications and use of signs are out7
lined. Posting of work sites and use of
caution labels easbestos material are
described.

Cleaning of_alL objects of accumulated
asbestos debris, and sealing in imperme-
able; sealed containers.

Employer records on expo re. Time
requirements and record_ isposilion are
covered. Records of m nitoring be

retained for three years.'

A-3
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(j) LiSE, medical examination App icability, specific requirements,
requirements. fre ency of medical evaluationi. Annual

-r-
----)

ancy,t4kOination examination requirements
are" listed:

at;

4.4

0

I
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APPENDIX B
REGIONAL OFFICES. OF THE

U.S. ENVIRONMENTAL PROTECTION AGENCY AND THE
OCCUPATIONAL SAFETY AND HEALTH 'ADMINISTRATION

EPA REGIONAL OFFICES

Region I - -
Connecticut;Maine; Massachusetts;
New Hampshirei'llhode /eland and
Vermont
John F.' Kennedy Federal Building
Room 2303.
-Boston; Massachusetts 02203
(617) 223=7210

Region II
New York; New Jersey; Puerto Rico;
Virgin Islands; and Canal Zone
Federal Office Building
26 Federal Plaza
New York; New York 10907
(212) 264 -2525

Region III
Delaware; District of Columbia,
Maryland, Pennsylvania; Virginia;
and West Virginia
Curtis Building
Sixth and Walnut Streets
Philadelphia; Pennsylvania 19106

(215) 597-.9814

Region IV
Alabama, Florida; Georgia; Kentucky;
Mississippi; North Carolina;',South
Carol!na, and Tennessee
345 Courtland St., NE
Atianta; Georgia 30308
(404) 881-4727

Region V
Illinois; Indiana; Minnesota; Michilk4
gan, Ohip, and Wiscon
230 South. Dearborn Street
Chicego, 60604
(312) 353 -2000

4

Region VI,
Arkansas; Louisiana; New MAXico;
Oklahoma; and Texas
First International Building .

1201 Elm Street
Dallas; Texas 7527d
(214) 749-1962

Region VII
Iowa; Kansas; Missouri; and. Nebraska
324 E.' 11th Street'
itansas City; Missouri 64106-
(810' 374-5493 '

Region VIII
Colorado4 Montanai North Dakota;
Aouth Dakotai_Utahi, and Wyothin-g_
1860 Lincoln Street
Denver;. Colorado 80295
(303) 817-3895
-
Region IX
Arizona; California;
9eam; American.Samoa;
of the Pacific .

215 Fremont Street
San Francisco; California
(415) 556-2320

ail; Nevada;
ust Terriary

<

'94165

Region X
Alaska; Idaho; dregon; Washington
1200 Sixth Avenue
S4attle; Washington 78101
(196) 442-1220
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APPENDIX B (cont)

OSHA REGIONAL. OFFICES

gegion I
Connecticut, Maine, Massachusetts,
New Hampshire, RhodeIsland
and Vermont _

16-18 North Street
1 Dock Square Building
Boston,Massachusetts 0210
(617) 223-6712/3

Wgion II
New York, New JeraeyOluerto Rico*
Virgin Islandsiand'tabaI Zone
1515 Broadway
(1 Aster Plaza)
New York, New-York 10036

(212) 399-5941

Regtbn III
DO.eware, District of Columbia,
Mai-yland; Pennsylvania, Virginia,
and West Virginia
Suite 2100
Ga(pway Building
3535 Market Street.
Vhiptdelphiai_Pennsylvania 19104
lop) 596 -1201

Region IV
Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina'
South Carolina, and:Tennessee
Suite 587
1375 Peachtree St.,'
Atlanta, Georgia 304309

(404) 881-3573-

Region V
Illinois, Jana, Minnesota
Mi:higan, 6, and Wisconsin
Roo--32
230 S. Dearborr:at_
Chicago, Illinois 604

(312) 353-4716/7
U

Region VI
Arkansas, Louisiana, New MexiCa
Oklahoma, and Texas
Room 602
555 Griffin Square Building
Dallas, Texas_ 75202
(214) 749-2477

Region VII
Iowa; Kansasi_ltissourivand Nebraska
Room 3000
911 Walnut Street
Kandaa City, Mil a- 64106
(816) 374-5861

Region VIII
COlOrada-MOntana; North Dakota
South.Dakota, Utah; and Wyoming
Room-15010
Fedeial Building
1961 Stout Street
DenVer; Colorado 80294
(303) 837;3883

Region IX.
Arizona* California, HaWaii, Nevada,
Guam, American Samoa, and
Trust"Territory of the Pacific
P.O. Box 36017
9470'Fideral Building
'450 Golden Gate Ave.
San Francisca:CalifOrnia 94102
(415) 556-0586

Region X
AIaskai_IOL116, Oregon, Washington
Room'6048 -or

Federal Office Building
Seatkle; Washington 98174
(206) 442-5930
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